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ADVERTISEMENT. 



The following Pages form part of a 'larger Work,' now Id coarse ^of publi- 
cation, expressly adapted to the use of operative Artists and Manufacturers, 
entitled Thb Mechanics' Gallery of Sience and Art. This work is not in- 
tended merely to form a repository of practical InstructiDns in every branch of 
the useful and ornamental arts, but also, by exhibiting in a familiar manner 
their scientific principles, and tracing the history and gradual progress of me- 
chanical knowledge, to open new and enlarged views to the operative Artist. 

The other Parts of the Mechanics' Gallery already published consist of the 
following Treatises, all of which are illustrated with appropriate Cuts and 
Plates:— 

1. The CLOCK and WATCH-MAKERS' COMPLETE GUIDE; compre- 
hending the early History of the Art, its progressive Improvement, and present 
state, Theoretical and Practical, 2«. 

2. The ENGRAVERS' COMPLETE GUIDE; comprising the Theory and 
Practice of Engraving, with its modern improvements, in Steel Plates, Litho- 
graphy, &c. 1«. 

8. The COACH - MAKERS' and WHEELWRIGHTS' COMPLETE 
GUIDE; comprehending the Theory and Construction of Wheel Carriages, 
with their recent improvements. 1«. 

4. The PRINTERS' COMPLETE GUIDE ; containing a sketch of the his- 
tory and progress of Printing to its present state of improvement; details of its 
several departments ; numerous schemes of Imposition ; modem Improvements 
in Stereotype, Presses, and Machinery. 

6. The GUILDERS' COMPLETE GUIDE ; comprehending the Theory and 
Practice of the several Departments of Architecture, Bricklaying, Brickmaking, 
Masonry,^ Carpentry, Joinery, Painting, and Plumbing. With a yariety of 
useful information on the Application and Durability of Materials, &c. 6«, 

The ensuing Parts will comprise, in succession, the various branches of 
Mechanical Science in general application ; the object of the Editor being to 
concentrate the best' practical information on the different processes of Art, so 
as to combine all the advantages of a l^rge and extensive Ei|icyc)opedia at a 
compara^vely small cost. 
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Th£ navy of England does not date its origin prior to the time of 
our Saxon ancestors. It is now, however, the best defence for our ses^ 
girt shores. The navy may indeed be considered as the natural 
strength of the British empire, nor need we apprehend any danger from 
foreign invasion while Britain retains the sovereignty of the seas. To 
ensure this important desideratum, the art of ship-buHding must 
receive that assistance from theoretical science, without which, foreign 
navies will ultimately excel us on our own peculiar element 

The first authentic testimony which we find of the birth of the 
British navy is the invasion of Normandy by Henry, sumamed 
Beauclerc, in the year 1106; and the crusading expeditions, which 
immediately followed, contributed, in some d^ee, to cherish theembryo 
giant in its youth. Selden has given the event just mentioned as the 
fiera of the first assertion on the part of Britain to the right of, what is 
called, the dominion of the sea; and adduces, in proof, the orders given 
by Henry to his Butescarli, or sea officers, that they should take par- 
ticular care na vessels from Normandy approached the English coast 

The variety of improvements and inventions which had taken place 
daring the fourteenth and fifteenth centuries, tended to render general j| 
nautical knowledge much more respectable than it had been. To the 
invention of the compass is most probably owmg the discovery of Ame* 
rica. Tp that of cannon, and dieir introduction into ships, may be 
attributed tliose improvements in naval architecture, which distinguish 
a modem ship of war, firom the ancient galley. 

The renowned Sir Walter Raleigh, speaJdng of the ability and 
1. J> 
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knowledge possessed by the British shipwrights, observes, ^* To say the 
truth, a miserable shame and dishonour it were for our shipwrights, if 
they did not exceed all others in the setting up of our royed ships, the 
errors of other nations being far more excusable than ours ; for the 
kings of England have for many f&St$ been at tibe charge to build and 
furnish a navy of powerful ships, for their own defence, and for war 
only ; whereas the French, the Spaniards, the Portuguese, and the 
Hollanders, till of late, have had no proper fleet belonging to their 
prince or Mte.^ 'file mke lliarf ed |>e|eftn ntit, proceeds to pay the 
following tribute to the knowledge possessed by foreign countries, who 
certainly were the predecessors, and perhaps the tutors of Great 
Britain in this science : '* The Venetians only," says he, '' have for a 
long time maintained their arsenals of gallies, and the kings of Den- 
mark and of Sweden have had good shifrs for these last fifty years. I 
say that the forenamed kings, and more especially the Spaniards and 
the Portuguese, have ships of great bulk ; not fitter for the merchant, 
than for the man of war, for burthen than for battle ; and, as Popeliniz» 
well observd^' ' Che forces of princes by* sea are indisputable marks of 
the greatness of an estate/ Whosoever commands the sea, commands 
the trade ; whosoever commands the trade of the world, commands the 
treasures of the world, and consequently the world itself : yet can I 
not deny, but that the Spaniards, being afraid of their Indian fleets, 
have built some few very good ships ; but they have no ships in gar- 
rison, as his Majesty hath, and, to say the truth, no sure place to keep 
them in ; but in all invasions, he is driven to take up of all nations 
whicb come into his port for trade/' 

We may iicitv, however, examine some of the earlier and ruder efforts 
in this impoitant art The Egyptians wiQ claim an early place in our 
historical notice of the progress of naval architecture. 

the foUowmg description is given us of the original method used Vf 
the Egyptians in constructing vessels, and It will forcibly strengthen 
Ae observation we have aheady made, that all primitive attempts in th5 
art we are about to treat of, have been regtihted or ^tended more by 
natural causes and consequences than by siiiy wonderful exertion pro- 
dfuoed from the mind of the artificer himsdf. The vessels used on the 
^ynie appear to have been formed of smaft planks dut out of the 
acantha or Egyptian thorn: these were not, totioiight fois natunJly 
jBupposed, cut into lengtlis, as planks, but neatly squttrt, measuring 
iaBdtit three feet each wacy: they wi^ lapt over each dlher Ij&e tfl<Wy 
«nd iastened togethdrliy ft prop^ ntaoMst of wodden ^pltti fidttV^of 
the same shape with Ae Mni^s df itiodism tioies. Itib ttOd^ df 
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HMUftictkfn Wtfl ^tid sufficiently strong tot the purpose to Which it 
was applied, even, without the obvious assistance of any internal frame 
ifif ttttit^r, liftld pifOV^ equal to the necessities and ambition of the 
itttiittlb¥S>ltt^^fi>r a lOlig time, troubled not themselviQs with attempting 
Wjf ^^4M8tt'fttt|k)rOv<dln4snt. 

' Thehun^the VMel being completed, acompetent number of seats, 
^ benches, for the accommodation of the rowers, were added ; and 
^l^tesi the jdiints or seiams were carefully caulked with the papyrus, so 
tin MDtpletely t6 Exclude the water, the floating fabric then became fit 
Iblit imtti^diate use. We must not, however, forget to mention, that 
ISflEpedtncle'Ytrf easily suggested the necessity of some directing as well 
ttS impelling power, in aid of human labour. A mast, formed out of a 
tfCtak stick of the acantha, and a sail, made of papyrus, supplied the 
latter; at the same time a rudder, which is said to have passed 
AfODtgh the keel, or bottom of the vessel, remedied the defect occa- 
skmed by the want of the former. 

r Among a people so destitute of ambition as we find the Chinese 
desmbed, Uttle variation could'be expected to take place dther in sliip- 
bufiding. Or any other art connected in the most distant way with ygibT, 
lydd extension of territory, since that time, when experience taught 
Ihcttd that their different rude contrivances fully answered the hvmble 
ends to which they were applied. On comparing the account ^ven by 
Sir George Staunton of their smaller vessels with those in use 
attong the aboriginal Bntons, the sunilitude will be found extremely 
striking. '^ The boats,** says he, ** commonly in use among them, 
o^msbt of five planks only, joined together without ribs or timbers of 
$Aj kind. Those planks are bent to the proper shape, by being 
e it^oS e d idme time to a flame of fire. They are brought to a line at 
each end, and the edges are joined together with woOdte piiis, and 
stkched with bamboo split into flexile threads, and thi^ S^liOns af^r- 
w«rd8 iDdeared with a paste made with quick lime fix>m Ii6a-»fthdls aiid 
water. Others are made of wickerwork smeared all over, SiSrtd l^todeied 
water-tigtit by the same composition as is usod for the fonii^r. tbib 
owners a£fect to paiAt eyes lipbft thid heads of ^1 those bbftts, ftS if t6 
denote the vigilance requisite in the conduct of them. They iA€ 
i^ttiarkable for standing the sudden shock of tioletit wav6S, a^ vTell as 
Ibr being stiff upon the water, and sailing expeditiously. The bbitt 
belonging to the chief of the district was built upbti the same plan, btii 
^ A larger scale ; had & carved and gilt head bteiring ^me I'eS^^ 
UttMtt 16 thtt of a tig^ ; tod a slern ornamented witk ^Hlpttn^, and 
fiihrted itMtk a variety of ddsigns in Ir^y colours. In tlMse boats tlift 
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principal sitters are generally at the stem, instead of being near the 
, stern, as is the custom in Europe." 

The keel is reported to have been generally omitted during the early 
ages of navigation ; in vessels intended merely for commercial pur- 
poses. The form of these, from the most authentic descriptions, appear 
to have borne greater similitude to those at present employed in the 
same line among the Hollanders, than to any others now in use. They 
were flat floored, round, broad, drawing little water, and of very great 
breadth in proportion to their length, so that they might be capable ,of 
containing a larger quantity of commodities^ than would be the case 
under the adoption of any other practised form. Their floor timbers 
weife continuous ; and with the addition of one futtock only on each 
side (called by the Greeks the ribs, or internal part of the animal body) 
Xhe frame was completed. 

Some persons, indeed, have gone so far as to assert, that by a pecu- 
liar mode, known only to the ancients, the timber was rendered so flex- 
ible, that the frame was formed of one piece only. This secret, however, 
appears to have been nothing more than bringing it by force into its 
proper curve, and confining it either till time had, in a great measure, 
subdued its elastic efforts, to regaiii its original and naturally straight 
form ; or as a more expeditious method, by adding cross pieces, now 
called beams, and bolting them strongly to the timbers, completed the 
vessel by one uninterrupted operation. This practice being soon found 
extremely laborious and inconvenient, was quickly discontinued with 
regard to vessels of burthen, and the keel universally and indiscrimi- 
nately applied to them, as well as to vessels of war. To the keel, im- 
provement and subsequent experience suggested the addition of the 
keelson, which, confining the heads of the floor-timbers, then in two 
parts, jointed into and divided by the keel, very materially contributed 
to the strength and safety of the vessel. Close to the keelson was the 
well, contrived as the receptacle of all that bilge water, which the work- 
ing of the vessel through the rough sea caused the admission of, added 
to the impossibility of closing the joints or seams so completely by 
caulking, but that, under such circumstances, some must find its way. 
The.part immediately above the keelson was called the hold, and fron^ 
thence is derived the English word keel, which forms the bottom of it. 
Aloft, beams were fixed, as already stated, which served to strengthen 
t^e vessel, and support th^t necessary covering well known by the 
name of deck. The frame, consisting of such timbers as forme4 the 
principal strength of the vessel, might now be considered as complete; 
l^ut if It be fiur ta give aiiy pre^-ominence where twp .^iidnc^ p^rt^ 
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mutually, contribute to the'support and perfection of each, other, that 
which may be deemed the most material still remains to be described : 
this is the side, or interior planking of the vessel, which was named by 
the Greeks after the vest, or garment, with which it was customary to 
cover the human body. 

The principal dimensions of different classes of vessels in use 
among the ancients, as well as of those which were of such extraordi- 
nary magnitude as to be extremely uncommon, and rarely constructed, 
have been transmitted to posterity with much apparent certainty 
and precision. The celebrated Egyptian vessel, called the Isis, is 
said to have been in length one hundred and eighty feet, in breadth 
forty-five, and in height, from the upper edge of the deck to the bottom 
of the well, forty-three feet. The well-known ship of Hiero, king of 
Syracuse, was of nearly four thousand tons burthen. The rules of 
construction in general use, for those which were usually employed in 
commerce, after the art had progressively advanced toward, what was 
then supposed perfection, were in the following proportion: — supposing 
the breadth twenty-five feet, the length was one hundred. The gallies 
which were intended entirely for the purposes of war, were twice that 
length, but of the same breadth ; nor can that very extensive difierence 
be deemed incredible, or even wonderful, when it is known, that, even 
in modern times, vessels, no less extravagantly proportioned, have been 
>^uilt for particular purposes, and have proved by no means ill adapted 
to them. 

Meibomius gives the following dimensions of the ancient Roman 
Triremes : " They were," says he, " in length one hundred and five 
feet ; in breadth eleven ; but, according to new regulations,- adopted 
^ after the time of Julius Cesar, they were built only ninety feet in> 
length, and ten m breadth : the Quadrireme was one hundred and 
twenty-five feet long, and thirteen broad : the height of the Octoreme, 
(as the same author asserts) measured, from the upper surface of the 
deck to^ the lower edge of the keel, eleven feet : the Hexereme nine.*' 
Their, first requisite, as there has already been occasion to remark, was 
swiftness : on that principally depended the success of all their naval 
encounters ; and every other quality was of little consequence to them. 
For this reason, the minds of those ingenious men, who considered the 
science of constructing vessels as a national art, which the well-doing 
of their country particularly demanded should be carefully cultivated, 
were constantly applied to the discovery or advancement of some im- 
provement. As soon, as it was practically found, that the narrowness 
of th^ vessels contributed, in a great degree, to their swiftness, and 
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this was established as a fixed, an invariable principle, the neiLt care 
was to dispose the rowers sQcommodiously within the yessel, that they 
might not, in the first place, impede each other in their motions, and 
in the second, that no part of die side should be left vacant where it 
was possible to employ or work an oar. The attainment to this degree 
c^ perfection is attributed to the Sidonians; and, the variety of the dif- 
ferent services, which repeated warfare created, gave buth to all those 
different classes into which the ancient galleys were divkled. 

Curtius gives a very circumstantial account of afire-ship, equipped 
by the Tynans at the time their capital was besieged by Alexander. 
'^ Having selected," 'says the author, '^ one of the largest gallies they 
posseised, they loaded it by the stem, with stones, and other ballast, 
so that the prow became considerably elevated above the surfoce of the 
water. The whole of the vessel which was above water was payed very 
thick with sulphur, and other substances, easUy inflammable, which 
(^ration being completed, advantage was taken of & wind favourable 
for the attempt, and all the sails being set, the crew, who in aid of the 
sails made use of their oars also, directed it towards the mole which 
Alexander had, with so much difficulty, laboured to construct. When 
they had ap'jproached sufficiently near to the destined object of destruc- 
tion, the vessel wais set on fire, 9jid the crew jumped into boats which 
bad followed for the purpose of receiving thenu'' This project, at that 
time new in theory as well as practice, proved completely successful : 
the hopes of Ale^^ander were frustrated, at least for a time, and eVery 
trace as to ^e labour of so many thousand men, vanished almost in an 
instant, for the whole of the stupendous work wascoonpletely destroyed. 
Nor was it on such an occ^ision alone as the preceding, that these 
destructive engines of ¥rar, as they might, without impropriety be 
stiled, were used. * Various were the occasions on which they were 
employed, especially in the attack of fleets when lying in the harbour, 
for in this particular applicatiop of them, the aaunents appear to have' 
been most expert. 

The followmg account giv^ of a Scottish ship of war may sitand aa 
the summary history of th^ royal na^ v^. ' ' 

'< The king of Scotland rigged a gteat ship Ofdled the Great Michael, 
which was the Idrgest, and of superioritmigiii to any that had aaile<t 
from England or France : for thist ship was of so great stature, and todk 
so much timber, that exoept Falkland, sH^ wasted all the wodd^ itl 
Fife, which were pak wood, with att timber tliat was gotten out of Noi^ 
way, for she was so strong, and of so great length and breadlhi all thft 
Wrights of Scotland, yea, and many other strangi^rs, wei^ at her. deVicie 
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bj the. king's command, who wrougHt veiy busily in her, but K wa* a, 

. y^eur a»4 a dsiy 6re die was completed: To wil ; she tfiwi tivelvei^edre 

f(K)t of lei^ptbr end thirty-^ foot ivithin ^ sides; she miats ten |pM 

thick in the vail and boaids. on every side so slack and so t^t, t|at 

no cannon could go through her. This great , ship ci^nbred Spotland 

to get hec to fea. From that time that she was afloat, and her msiiHk 

and sails complete^ with anehois o£bnng ifa^eto, she was counted to 

the king to be thirty thousand pounds expense by her artiHeryy whioh 

was very great and eosdy to the king by all the rest of lier orders. Tg 

ynt ; she bare many cannon, six on enary sidb, with three great bassih; 

two behind in her dock, and one before, with three hundtec^ shot f^ 

small artillery,' that is to say, m3fand and batterd fidcon^ and ^uartei 

fisdcpn, flings^ pt^til^nt a^rpentena, a^ double dogs, with hagtoravd 

culyering, crossbows and handbov^. She had three hundred marinerat 

tp sail her, she had six scpje of gunners to use her ^tillery, and had a 

thousand men of war by her, captains, shippeni, and <)ua|i;^r masters.^ 

The Chinese are said, by modem tr^reHer^, tQ build vea^b whioh 
trflde as f$Mr as Manilla, Japan, and ^atayia^, thp ^i;rth^ pf which firch 
quently ampu|its to eight hundred or eyen s^ thousand tons. All wellr 
i^nn^ yr^^x^ 9g^^ as ^eady stated, that uq alt^ra:^cH[i has been 
mad^ i<l fte n^iYal aj^chitecture of tbi^ extraprdina^ people ibr sever«A 
centuries past; fa^4.it hfui expite4 t^r w<>9£^r> hi no cpnall degree, 
thijt thpugh Cftfttoft ii Wte4 by t^? pbip3 ftf yaripus nations, the 
superior qon^trucfion of nfhi^h, it might be a|^ehe|ide4j omat be ne^ 
cessarily acknpwled^t yet they have ner^ thpyght proper to adopit 
any improvfunent whf^ye^ in the art. |t is rational, however, to b0- 
liev](^ thait if no i)^49»y^tioj^ h^? ):^n mad^ in th^ form and rigging of 
their yessels^ ^e i^ize s^^^ burden pf them has been neyerthele^ pepr 
nutted to increM^ wi^ the ?pi?it pf tr$49 ^<d foreign commerce which 
the example of ]Ein|op0fws cannpt but bavQ diffused. This au^i^si^pn 
wUl reconcile the ajQcpw^t just givdii of the tonnage of the mod^ Chi- 
nsfpe yesae^, witb^ th^ $e^mingly cpntradictpTy authority of foniaer 
vi^tpin^, frpm yrhfm it ha$ beeq ^nd^istppd t^at the cfipac^^ q( 1^% 
Chineae veaiels, or junks, never e^^pefsded three hundred tpns. 

To the eyes of Enropeani, these ve^s^s, whether apmed or conquer- 
csalt are, ui Iotpl, little yaryin|^ from flat-bctt^pmed boats, or that par- 
tiei^ specie calte4)i b^ EuTOpeaxis, puntp, wjth two gr three m^tf|. 
Tb<Mfe whidi aif hliilt and equif^pe^for w^, are, as n^ight be expected,, 
sQMMvhiH baiter formed for^ertneaa and 4iffpatch than such as ani 
ckftiiiad for tiadd aUn«; but, in pth^ i«fP^t9> the mode of decoii^ 
tien and general design are nearly similar ; the lattef bring piOTi^ 
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withi ports, though seldom with ordnance. The most remarkable 
features in their hull are the abrupt and flat termination of the prow^ 
together with ,the total absence of a bow-sprit. In the vessels usually 
-tepresented in Chinese drawings, a strangely fashioned contrivance an- 
swering the purposes of a windlass, is affixed to the outside of the bow, 
by means of which the anchor isu weighed ; but this appendage is by 
no means universal. . The prevailing idea among this, as indeed, among 
almost every other people, respecting the form and decoration of the 
prow, appears to be that of giving it a rude and general resemblance 
to the head of an animal ; to this end the bows, on each of which is , 
generally painted an eye, with the pupil turned forward, are made to 
rise like the ears of an owl; while the flat timbers of the stem, form- 
ing a specfes of beak, contribute, in some degree, to increase the sin- 
gular similari^ 

The lower part of the stem is either entirely hollowed in an angular 
form, or, being flat in its primary constructioh, has, in its centre, a 
jrecess of that description. Within this, is a second hollow, or chamber, 
rising the whole height nearly from the keel to the bottom of the 
quarter -gallery, within which the rudder moves, and is protected from 
Ihe violence of the sea. This rudder is five or six feet in length, and 
managed by ropes only, one of which fastens to the- poop, which occa- 
sionally lifts it out of the'water, with a view to its preservation. 

The first-rate is a ship of the line, of one hundred guns and upwards, 
having three decks or tiers of guns ; and the seventy-four is also of 
the line, with two decks or tiers of guns. The gun-vessel is rigged 
like a sloop of war, which is the sixth or smallest rate. The brig hay 
only two masts, which are rigged like the main and fore masts of a 
ship, but has a fore kai aft main-sail. A snow only difiers from a 
brig by having a try-sail, which hoists upon a small diast abaft the 
main-mast, and there)>y can carry a square main-sail. A ketch has 
two masts, similar to the brig, but has no fore-mast, but a main mast 
and a mizen^mast rigged as a ship's. The lugger ha»two masts, with 
square sails that are hoisted by their yards, not in the middle, as 
vessels in general, but at one- third of their length Schooners are' 
vessels of a similar size to luggers, having two masts, whose main-sail 
and. fore-sail are suspended from gafls at the head; and the foot 
stretched out by a boom, like a man-of-war's long-boat. Both luggers 
and schooners sometimes carry top-sails, as the brig. Sloops, or 
▼efsels have one mast, have a main-sail, fore-sail, and jib, as the^nan* 
elf-war's long-boat. Foreign vessels not rigged like the above, are 
jnostlylike the zebec. 
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Stability and ** flotation/* by which latter term is meant swiftness, 
being the first and principal points which strike the consideration of 
the naval architect, other temporary or local considerations follow at 
an humble distance, *' praying their wants to be attended in turn, as 
soon as the demands of their superiors ar^ satisfied." Stability evi« 
dently claims precedence, even before flotation, or speed, because thq 
safety of the human race depends on the former ; and only the poli-« 
tical or pecuniary advantage of it on the latter. Supposing a vessel 
drawing six feet water, and having a length of ked amounting to forty 
feet, it is too evident to need explanation,, that such a vessel must 
n^d^e infinitely more leeway, than if it drew twelve feet, or was 
eighty feet in length ; the lateral resistance being encreased according 
to the squares of the side or surface presented to the water. From 
this cause is derived the reason, why vessels of great length are less, 
apt to make leeway than those which are shorter. Tlie hope of 
ctncreased advantage may, however, be productive of evil, in somQ 
respects, provided the system is not properly confined within reasona-^ 
ble. bounds. The inconvenience to be dreaded is material, and may 
be attended with the worst consequences. The reason is easily de- 
monstrable in plain and very few terms. The action of the rudder, 
and its influence on the motion, or course of the vessel, is exactly 
that of the lever ; and if the hull becomes extended to an immor 
derate length, the force of such lever is gradually weakened, and less 
capable of effecting its office till, in the end, it becomes totally use- 
less;, so that, except its own power is increased by an extraorr 
dmary addition, which would be inconvenient, or if very far aug^ 
mented, impracticable on account of the power required to govern 
and regulate it; the ship will become the sport of the winds and 
waves, refusing to obey Uie wishes and will of it3 pilot. 

To remedy this inconvenience, vessels were introduced, having ai^ 
exceeding narrow breadth of floor, and built, in every resp^t, what is 
termed sharp ; so that by their sinking considerably lower beneath 
the surface of the water than those of flatter construction, they may, 
though much shorter, continue to present the same face in square 
inches, or feet, to the fluid as a lateral resistance, and consequently 
be rendered equally as- little liable to fall to leeward. This system of 
constructioii is, however, pregnant with quite as many inqonveniencies 
as the former. It experiences infinitely more resistance, in the first 
iiurtahce, in its passage through the water ; its very contracted capa- 
city, in proportion to its measurement and expenc^ of construction, 
renders it inconvenient and unadvisable,^ even ai^ a veiwel of war ; and 
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totally mcompatiUe with the ideas as well as interests of cfbomierce. 
Added to these oonsideratioiis is^ that scarcely less ^sbusequeotial 
objection, arising firom its great draught of water, its in^pability of 
sailing, where ressels of a flatter constomotioQ would be capable of 
passibg, and the extreme danger to which it would be exposed, in 
case of touching the ground ; even in that slight degree which would 
be unattiended even with apprdiensioB, in the instaiice of a fiat-floored 

: If we compare the carcase of a skip to the skdeton of the human 
body, the keel may be considered as the back-bone, and the timbers as 
die ribs. It, therefore, supports and unites the whole fabric, since the 
tttan and st^m-post, which are elevated on its ends, are, in some maa- 
HUPe, a continuation of the keel, and serve to connect and inclose the 
extremities of the sides by transoms ; as the keel ferms and unites the 
i^ttom by timbers. The keel is generally composed of several thick 
j^leces, placed lengthways, which, after being scarfed together, ard 
bblted and clinched upon the upper side. When these pieces cannot 
M procured long enough to afford a sufficient depth to the keel, there 
ill a steong thick piece of timber bolted to the bottom thereof, called 
the Mse keel. The figure of vessds, is an object of great importance, 
with r^^rd to their motion, sailing, k^. ; and in the determining what 
ftmn is most commodious, the doctrine of infimtas becomes of appareiit 
service to navigation and oomiAerce. A body moving in ail immovable 
fluid, is obliged to sever the paHs thereof : and they rssist cruch sepa- 
ration. — Now, setting aside a certam tenacity, by vdiich they are, as it 
were, glued together, and which is different in different fluids \ the 
whole force of the resistance depends on that of the shock, or impulse : 
for abody that is struck may be said to iertrike at the same time; but a 
perpendicular stroke is that which a fluid resists the moa|t readily ; and 
fbr a body to move fVeely therein, it must be of such a figure, as to 
present itseH as obliquely as possiUe. VI it w^ triangular, and moved 
with the pobt ibremost, it is certain all rts parts would strike the fluid 
obliquely ; but ' tiiey would all strike it widi th^ same obliquity ; and 
it were more advantageous that ^u;H shotdd strike more obliquely 
than the next adjacent. Now, such a perpetual augmentation of ohr 
Kquity can no where be had in a curve linie ; each jpoint of which is 
considered as an infinitely small right line, always incUned to the o^er 
litde right lines contiguous to it These brief obftervations willaccOunt 
fbr the curvilineEtr figure assumed by all perfect vessels., lb explain dia 
striicture of which we now more immediately proceed. 

When it is proposed to build a ship, the proportional size of every 
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partof hieridtobeli3dddow&; from wh«iQe tii» fonn and ifoieiMioto 
of the timbert, and of every particular piece of wood that enten uMo 
Ae colisMotidiiy is to be fbiind. Asa ship hwkngdiy Imdth, and 
d^thy three dilRsrent' plans at least axe heoessary to exhybk tibe 6mm 
of ^e several parts of a ship; titese tire usually deaominatad Ilia 
' dieer-plan, the hattf-breadth and body-plaiis. 

Hie 8heer-]^bB or draughty otherwise cttlled the piaa^ of eknralioB, l» 
that section of the ship which is made by a vertical plane passing- 
flirough the keeL Upon thiii-plaik are laid down the kagth of tiio 
ked ; the height and rake of the stem and stern-post ; the situatioii' 
iai height of the midsh^ and othar framea ; the plao^ of the masta 
and channds ; the prqectk>n of the head a^ quarter-^lery, and thnr 
appendages ; and in a ship of war the podtidn and dimeBsion of the 
gun-ports. Several imaginary lines natiftdy, the tappet ^nd lowcit 
height of breadth lines, water lines, diic. are sJso drawtf in this plan. * 

The half breadth or floor plan, or, as it is frequ^tly ealled, the hbri- 
sontal plane, contains the several half breadths of every frame of tim- 
beris at different heights ; ribbands, water lines, &e. are also desciibed 
on this plane. 

The body-plan, or plane of projection, is a section of the ship at thd 
midship*frame or broadest place, perpendicular to the two former. 
The several breadths, and the particular fcna of every frame of timbers,* 
are describe on this plane. As the two sides of a ship are similar to 
each other, it is therefore unnecessiffy to lay down h6&ki heftce thd 
frames contained between the main-fraine and &e stem are deeorih0d 
on one side of the middle line,'tx>mm6nly on the right-hand side, Mid 
the after frame are described' on the other side of that Une^ 

Several Ikies are described on these planes, in CMrder the mc»ereaday 
to assist in tiie, formation of the timbers ; the principal of whidi are 
the following: ' y ' 

The tcqp-timber fine, is a curve limitmg die hdght of the ship at eadi 
timber. 

The top-timber half-breadth line, is a section of the ship at thift 
hdght of the top-timber Hne^ peipendicular to the plane of elevation. 

The height of breadth lines, are two lines named the upper and 
lower heights of breadth. The lines are described on the plane of ele- 
vation to determii^e the height of the broadest part of the ship at each 
timber; and beipg described in tiie body-plan, Jhnits the he^tamd 
breadth of each frame at its broadest part. 

The main half-breadth, js a section of the ship ai Ae b'roadei^t part, 
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perpendiculepr to the ^he^r-plan, ^ud represents the greatest breadth at 
th^ outside of. every timber. 

Water*linesy are linea supposed to be described on the bottom of a^ 
riiip^ when afioat, by the surface of water, and the uppermost of these 
tines, or that described by the water on the ship's bottom when sufB-^ 
ciently loaded, is called the load water-line. According as the ship is 
lightened, she will rise higher out of the water ; and hence new water- 
Unes will be formed.. If she be lightened in such a manner that the 
keel may preserve. the same inclinatioiUia the surface of the watery these 
lines will be parallel to each other; and if they are parallel to the keel, 
they will be represented by cfiraight lines parallel to each other in the 
body-plan ; otherwise by curves. In the half-breadth plan, these 
Hne& are curves limiting the half-breadth of the. ship at the height of 
the. corresponding lines in the sheer-plan. In order to distinguish these 
lines^u they, are usually drawn in green. 

Ribband lines, are curves on a ship's bottom by the intersection of a 
plane inclined to the plane of elevation : and are denominated diagonal. 
or horizontal, according as they are measured upon the diagonal, or in 
a direction perpendicular to the plane of elevation. Both these answer 
to the same curve, on the ship's bottom, but give very different curves 
when described on the half-breadth plan. 

. Frames, are circular pieces of timber bolted together and raised upon 
the keel at certain distances, and to which the planks ai;e fastened. A. 
frame is composed of one floor-timber, two or three futtocl^s, and a 
top-timber on each side : which being united together, form a circular 
indpsure, and that which incloses the greatest space is called the mid- 
ship or main-frame. The arms of the floor timbei; of this frame form 
a very obtuse angle ; but in the .other frames this angle decreases with 
the distance of the frame from midships. Those floor-timbers which 
form very acute angles are called crutches. The length of the midship 
llooi^-timber is in general about half the length of the main-frame. 

A frame of timbers is commonly formed by arches of circles called 
BM^eeps. There.are,generally five sweeps: 1st. The floor-sweep, which 
is limited by a line in the body-plan perpendicifla]^ the plane of ele- 
vation, a little above the keel ; and the height of this line above the 
keel at the midship-frame b called the dead-rising. The u^^er part 
pf this arch forms the head of the floor-timber. 2d. The lower 
breadth sweep ; the centre of which is in the line representing the lower 
height of breadth. 3d. The reconciling sweep. This sweep joins the 
ticii^ofonnery ¥^thout intersecting either ; and makes a fair curve from 
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the lower height of bread^|^ to the rising line. If a straight line i» 
drawn from the upper edge of the keel to touch the back of the floor 
sweep, the form of the midship-frame- below the lower height' of 
breadth will be obtained. 4th. The upper breadth sweep; the centre 
of which is in the line representing ^he upper height of breadth of the 
timber. This sweep described upwards forms the lower part of the 
top-timber. 5th. The top-timber sweep is that which forms the hollow- 
of the top-timber. This hollow is, however, very often formed by a 
mould, so placed as to touch the upper breadth sweep, and pass 
througli^the point limiting the half-breadth of the top-timber. 

The consideration'of these three principal plans, already described, is. 
so much the more imi)ortant, as it comprehends a sufficient know- 
ledge, of the figures of all vessels. For, although these three plans do 
not really determiile the figure of the vessel, and may belong to an in- 
finity of difierent kinds, yet all these difierences cannot exceed certain 
lii]^ts sufficiently confined; so that whatever idea we might form of the 
figure of the vessel, it cannot deviate considerably from the truth. ' 

In order to explain this the better, we will proceed to construct 
the sheer-<lraught, and here the nature, and all the properties of 
the vessel, according to her design, for war or commerce, must be 
taken into consideration, upon which the whole theory of the art 
depends : such are, capacity, stability, velocity, and ease in the 
sea or at anchor. These properties are not to be adopted merely from 
speculative theoTy, 'but from those that have actually been demon-* 
strated by repeated experiments. That our readers may have the 
clearest conception of the various parts of a ship, we will endeavour to 
describe them in as familiar a manner as possible; introducing also sdl 
that is necessary to be known as we proceed. 

'We may commence by shewing the mode of describing the several 
plans of a ship of war, proposed to carry eighty guns upon two decks. 
The dimensions will be as follows. 

• • • • ■ • 

« 

Length on the gun or lower 4eck from the aft part of the 

rabbet of the stem to the aft part of the rabbet of the post .182 

Length from the foremost perpendicular to dead-flat . . . 63 ll| 

Length from the foremost perpendicular to next timber . . 4 

Length from after perpendicular to timber 37 3 4 

Roon^ and space of the timbers 2 8| 

Length of the quarter-deck from the aft part of the stern .95 

Length of the forecastle from the fore part of the beak-head 49 " 

^leneth of round-house deok from the aft part of the 9tem .51 8 
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Height of tiie gun or lower deck from the^per edge of the 

keel to the under side of the plank at <iead-flat ... 24 

Height of the gun or lower deck from the upper edge of the 

keel to the under side of the pladk at foremost perpendicular 26 

Height of the gun or lower deck from the upper edge of the 

keel to the under side of the plank at after perpendicular 26 3 

Height from the upper side of the gun-deck plank to the un- 
der side of the deck plank, all fore and aft 7 

fieight from the upper side of the upper deck plank ^ afore. 6 10 

to the under side of the greater deck plank . . ) abaft 6 11 

Height to the under side of forecastle plank afore and abaft 6 6 

Height fi om the upper side of the quarter-deck plank i afore. 6 9 

to the under side of the round-house plank . .• . J s^haft. 6 10 

Height of the lower edge of the main wales at foremost per- 
pendicular 24 6 

Height of the lower edge of the main wales at dead-flat . . 20 

Height of the lower edge of the main wales at aift^ perpen- 
dicular . 26 6 

Height of the lower edge of the channel w^s at foremost 

perpendicular 32 6 

Height of the lower edge of the channel w^es at dead-flat . 29 

Height of the lower edge of the channel wales at after per- 
pendicular « /.....«.. 34 

Heig^it of the upper side of the wing-trans(mi 2d 4 

Height of ^e touch of the lower counter at tbe midde Bne w 33 S 

Height of the touch of the upper counter at t1i» middle line 36 i 
Height of the top-timber line at ^the aflter part of the stent 

timber .^ ..... 44 7 

ttaln wales in breadth firom lower to upper edge .... 46 

Channel wales in breadth from lower to upper edge ... 30 

Waist rail in breadth . . • « 6 7 

Dlltanee between the upper edge of the channd wales and 

the under edge of the waist rail 2 9 

Slieer rail in breadth 6 6 

bbtance between the sheer rail and the rail above from tim- 
ber 13 to the stem 25 

Pistaiice between the sheer raU and the rail above from tim- 
ber 7 to timber 11 ^ \ A 

t^istance between the sheer rail and the rail above to the 

fcHn^part of beak-l^ead • , « • I ^9 

And the said rail to be in breadth 6 ^ 
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Flank sheer to be ia tiBdoMM ^ ^1 

Centres of the mast. — Fiom tlie ionmost perinnfcdbr tb 

the centre of the mammart oe Ae fu fak .... lOt % 
From the fonmofit pcfpinfcahr Id Ike oe«tre of the tae«> . 

mast on the gnn-dedc SOS 

From the after perpendicular to the centre of the mignmait 

on the gun-dedL «.tt6 

Heigktof ditto from tbeiqiper edge of die keel .... 96 1 ' 

Stem mookied .* '. 13 

Foremost part of Ihe head afore the pfipendicalar ... 94 

Heightof ditto from the upper edge of die ked .... 38 S 
Alt part of the^iabbet afore die perpeadkokr on die vpper 

edgeoftheked 3 4 

Aft part of the poK abafc the nMiel at die vpper edge of iIm 

keel ..... 96 

Alt part of the pott abaft dbe rabbet at the wi^^nmaooi .11 

^m-post fore and aft on the keel 3 1 

0itto square at tltt hnd <0| 

the touch of die kmer eoimler at the middk line, abaft the 

aft part of the wing-tranaom 7 6 

Round aft of the kfwereoimtBr ........ • 14 

Roundup of die lower ooonter 9 

The toacb of the uf^ier coonto at the middle Ine abaft the 

aft part of the wing-tranaoni 9 9 

Round aft of die upper counter 13) 

ftoundupof theu^percomfcv 19 

Aft part of die stem-timbCT at die middle line, at.die hei^ 
of the top-timber line, diaft the aft part #f die wing- 
transom 196 

ftoundaftofthe wing^tranaom 6 

Round up of the inng-tmnsom 6| 

Load draught of water from the upper edge of the) afbi^. 20 6 

keel ..... j abaft. 90 5 

The channel to be in 4eogdi . . ........ 37 

And in the diickness at die outer edge - 4| 

The dead eyes to be 12 in number, and in diameter . • • 1 ^ 
Foremost e^d of the main channel afore timber . . • 10 

The channel to be m length 38 

And in die thickness at the outer ^«dge ...•••? ^ ^i 
The dead eyes to be 14 in number, and in diameter . . • \ ^ 
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Foremost end of the mi/en-chanoel abaft timber 27 

The channel to be in lengtii 

And in tfaicknesB at the outei edge . . . . . 
Hie dead eyes to be 7 in number, and in diameter . 
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Lower height of breadth . . . 
Upper height of breadth , . . 
Height of the top-timber Une . 
Height ofthe rising line*. . . 
Height of the cutting down . . 

Main half breadth 

Top-tinib^r half breadth , . . 
H^f breadth of the rising . . 
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Lower height of breadth . . . 

Upper ditto 

Height of the top timber line . : 
Height of the cutting down . . 

Main half breadth 

Half breadth of the rising . . . 
Top-timber half breadth . . . 
Topsides half breadth . . . .' 
Leng^ of lower breadth sweeps . 

First diagonal 

Second ditto ........ 

Third ditto 

Fourth ditto 

Fifth ditto 

Sixth ditto 

Seventh ditto ....... 


AFTER BODY. 
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Diagonal lines for both the fore and after Bodies. 



1 


Names of the Diagonal lines. 


i'ore and aftvr Bodies. 






1st. 


2d. 


3d. 


4tli. 


5th. 


6th. 


7th. 




Ft. In. 


Ft. In. 


Ft. In. 


Ft. In. Ft. In. 


Ft. In. 


Ft. In. 


Height up the middle line 


C 11 


il 4 


16 bi 


20 8 23 5i 


27 6 


43 9 


Distance from the mid- "^ 
die line on the lower J- 
base linft . . . , 3 
















4 8 


9 I 


15 6 










*■ 














Height up the middle line 








9^ 


6 7 


12 7i 


32 6i 



Of the Sheer Draught. 

Draw a straight line to represent the upper edge of the keel, 
erect a perpendicular on that end to the right, and from thence 
set off 182 feet, the length on the gun-deck, and there erect another 
perpendicular, that to the right is called the foremost perpendicular, 
and the other the after one : upon these twb perpendiculars all the 
foremost and aftermost heights must be set off, which are expressed 
in the dimensions. 

Theil set off the distance of the main frame, or dead flat from the 
foremost perpendicular, and at that place erect a third perpendicular, 
which must be distinguished by the character O. From the dead flat 
the room and space of all the timbers must bs set off ; but it will only be 
necessary to erect a perpendicular at every frame timber ; which in 
the fore body are called dead flat. A, C, E, &c. and in the after body 
1 , 3, 5, &c. hence the distance between the frame perpendiculars 
will be double the room and space expressed in the dimensions. 
Then set off the ^ghts of th:e gun-deck afore at midship or dead 
flat, and abaft from the upper side of the keel ; and a curve described 
through these three points will be the upper side of the gun-deck. 
Set off the thickness of the gun-deck plank below that ; and another 
curve being drawn parallel to the former, the gun-deck will then ba 
described at the middle Hne of the sheer plan. 

The centre of the stem is then to be laid down by means Of the 
table off dimensbns ; from which centre, with an extent equal to the 
nearest distance of the upper edge of the keel, describe a circle 
upwards : describe also another circle as much without the former as 
the st^m is tnoulded. Then set off the hei^t of the head of the 
stem, with the distance afore 1iie peipeodicular, and there make a 
point; and within that set off the moulding of the stem, and ther^ 
make another pmnti from this last-'mentioned point, let si line pass 
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downwards, intersecting the perpendicular at the height of the gun- 
, deck, and breaking in fair with the inner circle, and the after part of 
the stern is drawn. Draw another line fipm the foremost pomt 
downwards, parallel to the former, and breaking in feir with the 
outer circle ; then the whole stem will be formed, except the after or 
lower end, which cannot be determined till hereafter. 

The stem-post must be next formed. Set off on the upper edge 
of the keel, a spot for the aft part of the rabbet taken from the 
dimensions, and from that forward set off another point at the distance, 
of the thickness of the plank of the bottom, which is four inches 
and a half; and from this last-mentioned point draw a line upwards,, 
intersecting the perpendiculars at the height of the lower deck ; 
then set up the perpendicular the height of the wing transom, and 
draw a level line, and where that line intersects, the tine fiiBt drawn 
will be the aft side of the wing transom ; on the upper part of the 
middle line set off from that place the distance of the after side of the 
stern-post ; set off also the distance of the after part from the rabbet 
on the upper edg^ of the keel, and a tine drawn through these two 
points, will be the aft side of the post. A line drawn parallel to the ^ 
first drawn tine, at the distance of four inches and a half, the thick- 
ness of the plank on the bottom, iiiill be the aft side of the rabbet : 
and hence the stem-post is described, except fhe head, which will 
be determined afterwards. 

From the dimensions, take the several heights of the upper deck 
above the gun-deck, afore, at midship, and abaft, and set them off 
accordingly;, through these points desciibe a curve, which will be 
die under side of the upper deck ; describe also another curve parallel 
thereto, at the distance of the thickness of the plank, and the upper 
deck will be then represented at the middle tine of the^hip. 

Set off the height of the lower counter, at the middle line, ftom the 
upper edge of the keel, and draw a horizontal tine with a pencil ; 
thdn on the pencil line, set off the distance the touch of the lower 
counter is abaft the aft side of the wing transom : from this point 
to that where the fore part of the rabbet of the stem-post intersect, 
the line drawn for Uie upper part of the wing transom, .draw a curve 
at pleasure, which curve will represent the lower counter at the 
middle line. The height of the upper counter is then to be set off 
from the upper edge of the keel, and a horizontal line is to be^ drawn 
as before, setting off the distance, the touch of the upper counter is 
abaft the side of the wing transom ; and a curve described froxp 

c2 
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thenoe to the touch of the lower counter will form the upper counter 
ait the middle line. 

Both counters bdng formed at the middle line, the upper part of 
the stem timber above the counters, is to be described as follows : on 
the level line drawn for the upper side of the wing transom, set off the 
distance of the aft side of the stem* timber at the middle line, from 
the aft side of the wing transom, at the height of the top-timber line, 
and erect a perpendicular : then upon this perpendicular, from the 
upper edge of the keel, set off the height at the middle line of tlie 
top- timber line, at the after side of the stern timber ; through this 
point draw a straight line to the touch of the upper counter, and the 
upper part of the stem timber will be described. 

As the stern rounds two ways, both up and aft, the stern timber 
at the side will consequently alter from that, at the middle line, ^ and 
therefore remains to be represented. Take the round up of the 
upper counter from the dimensions, and set it below the touch at the 
middle, and tvith a pencil, draw a level line ; take also the round aft, 
and set it forward from the touch on the touch line, and square it 
down to the pencil line last drawn, and the point of intersection will 
be the touch of the upper counter at the side. In the same manner 
find the touch of the lower counter; and a curve, similar to that at 
the middle line, being described from one touch to the other, will 
form the upper counter at the side. 

Take the round up of the wing transom, and set it off below- the 
line before drawn for the height of the wing transom, and draw 
another horizontal line in the pencil: then take tiie round aft of the 
wing transom, and set it forward on the upper line from the point, 
representing the aft side of the wing transom ; square it down to the 
lower line, and the intersection will be the . touch . of the wing tran- 
som ; then a curve, similar to that ^ at the middle line, being drawn 
from the touch of the wing transom to the touch of the lower counter 
at the side, will be the lower counter at the side. Draw a line from 
the upper counter upwards, and the whole stem timber at the side 
•will be represented. But as the straight Tine drawn for the upper part 
'of the side timber should not be parallel to that at the middle line, 
its rake is therefore to be determined as follows. 

Draw a line at pleasiite, on which set off the breadth of the stern 
iat the upper counter ; at the middle of this line, set off the round 
aft of the upper counter ; then through this point and the extre- 
mities of the stem, describe a curve. Now take the breadth of the 
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stern at the top-timber line, and through the point where that 
breadth will intersect the curve fqr the round aft of the stern, draw a 
line parallel to that first drawn, and the distance from the line last 
drawn, to the curve at the middle of the line is the distance that the 
side timber must be from the middle line, at the height of the top- 
timber line. 

The sheer is to be described, which is done by setting off tlie 
heights afore, at midships and abaft ; and a curve described through 
these three points will be the sheer. But, in order that the sheer 
may correspond exactly with the dimensions laid down, it will be 
necessary to proceed as follows : the perpendicular representing the 
timber dead flat being already drawn, set off from that the distances 
of the other frame timbers, which is double the room and space, as 
the frame are only every other one ; and erect perpendiculars, writing 
the name under each : then on each of these perpendiculars, set off 
the corresponding heights of the tOp-timber line, taken from the 
table of dimensions for constructing the bodies; and through these 
points a curve being described, will represent the sheer of the ship 
or top-timber line agreeable to the dimensions. 

The quarter-deck and forecastle are next to be described, which 
may be done by taking their respective heights and lengths from the 
dimensions, and describing their curves. In the same manner also, 
the- round-house may be drawn.. The decks being described repre- 
seiitiiig their heights at the middle, it js then necessary to represent 
them also at the side. For this purpose take the round of the decks 
from the dimensions, and s6t them off below the lower line drawn for 
the middle ; and a curve described both fore and aft, observing to let 
it be rather quicker than the former, will be the representation of the 
deck at the side. 

The ports come next under consideration. In the placing of them 
due attention must be paid, so as to preserve strength; or that they 
shall be so disposed as not to weaken the ship in the least, ,which is 
often done by cutting off principal timbers, placing them in too large 
openings, having too short timbers by the side of them, &c. The 
frames represented by the lines already drawn must be first consulted. 
Then with a pencil draw two curves, for the lower and upper parts of 
the lower deck po^ts, parallel to the line representing the lower deck ; 
the distances of these lines from the deck are to be taken from the 
dimensions, observing, however, to add to these heights the thick- 
ness of the deck, as the deck line at the side represents the under 
part of the deck. 
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The foremost port is then to be described, obsenring to place it as 
far aft as to give sufficient rooih for the manager : the most conre- 
nient place will therefore be put to it between the frames R and T, 
and equally distant from each. It will then be placed in the most 
conspicuous point of strength, as it will hare a long top timber on 
the aft-side, and a long fourth futtock on the fore side of it. The 
second port may be placed in like manner between the two next 
frames, which will be equally well situated for strength as the former ; 
and by proceeding in this manner, the ports on the gun-deck may 
also be placed, taking care to have two frames between every two 
ports, alt fore and aft. 

The upper deck ports are then to be described ; and in order to 
dispose of them in the strongest situation possible, they must be 
placed over th^ middle between the gun-deck ports, so that every 
frame in the ship will run up to the top of the side, by their coming 
between a gun had upper deck port ; and every port will be between 
the frames, which will in a great measure contribute towards the 
strength of the ship. With regard to the ports on the quarter deck, 
it is not of such material consequence if they cut th6 head of the 
frame, as iii placing them the situation of the dead eyes mustvbe con- 
sidered, placing a port where there is a vacancy between the dead 
eyes large enough to admit of one ; observing always to place them 
as nearly as possible at equal distances from each other; and where 
it happens that they do not fall in 'the wake of a frame, then that 
frame must by all means be carried up to the tap of the side. 

.The necessary length of the round-house being d^^rmined in the 
dimensions, it may be set off; observing, however, to let it be no 
longer than is just sufficient for the necessary aocommodati(»i of 
the men, as the shorter the round-house, the works abaft may be kept 
lower, and a low stem is always, considei^ the. best. Then set off 
the round of the deck at the foremost end, beknr the line drawn; the 
deck at the side may be described by another eurve drawn quite aft. 
Now, from the point for the round of the deck to the stem timber, 
draw u curve parallel to the top-timber line, and that will be the 
extreme height of the top t)f the side abaft, which height continues 
to range fair along to the foremost end of the round-house, and at 
that place may have a fall about 14 inches, which maybe turned off 
with a drift scroll. At tiie fore part of the quarter-deck, the top-side 
may have a rise of 14 inches, which may be turned off also with a 
scroll. Bat as the tismg of the topnside only 14 inches at that place 
will not be sufficient to unite with the heights abaft, it wiU therefore 
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be neeeAsary to rauie 14 inches more upon that, and break it off with 
a scioU. invefted on the first scroll, and continue these two lines, 
parallel' to th* t(^timbef line, to the distance of about seven, feet afL 
At th« foremost end of the round-hpuse there is a break of 14 
inches already mentioned ; and in order to make that part uniform 
with the breaks at the foremost end of the quarter-deck, there must 
be set down 14 inches more below the former ; and at these two 
heights contiaud two curves parallel to the top-timber line, from the 
aft part of i;be stern to the ends of the two curves already drawn Qt 
the foremost end of the quarter-deck. If they should happen not to 
break in fdr with them, they must be turned off with a round ; but to 
make tbem appear handsome, the lower line may be turned off with 
a scroll. These lines being drawn vrill repr^^nt the upper edges cl* 
the rails. 

The heiglit of the top side at the fore part of the ship must next be 
considered ; which, in or^et to give proper height for the forecastle, 
must have a rise thene of 14 inches, the break being at the after end 
of the forecastle, and turned off as before. But as this part of the 
ship is still considerably lower than the after part, it will be necessary 
to give another of eight inches upon the former, and turn it off with 
a scroll inverted. Hence this part of the ship will appear more uni- 
form, to the after part. ^ 

The finishing parts, namely the wales, stern, head^ rails, i&c* 
remain to be described. The wales may be first drawn ; and as the 
strength of the ship depends very much on the right placing of them, 
great care must therefore be tfdLen that they may be as little as 
{possible wounded by tlbe lower deck ports, and so placed that the 
lower deck bolts i^all bolt in them, and also that ihey come as 
near as possible on tiie broadest part of the ship. In the first place, 
therefore, the height of breadtii lines must be chosen fcnr our guide. 
These heights of braadth are to, be $aken from the dimensions^ and 
'Set off OB the respective frames, and curves dmwn through these 
poinls v^ be the upper and lower h^ghts of breadth of lines. The 
height «f the wales may now be determined ; which in general is in 
Sttdi a muin«r, that the u{^r hei^t of breadth line comes about six 
inches beiov their upper edge, and the wales are then fdaced right 
upon thft bteadlh lines. Take the heights and breadths of the wales 
afore, at miiships, and abaft from the table of dimensions ; draw 
curves Hurough the points dius found, and the wales will he repre- 
sented. ^ 

The channel wales are then to be deseribed. They are principally 
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intended to stran^hen the top side, and must be placed between the 
lower and upper deck ports ; and the lower edge of them at midships 
should be placed as low as possible, in order to prevent them from 
being cut by the upper deck ports afore and abaft. Take their heights 
and breadths from the dimensions ; lay them off, and describe curves 
through the corresponding points, and the channel wales will be 
represented. 

Lay off the dimensions of the waste rail, and through the points 
draw a line parallel to the top-timber line all fore and aft. This rail 
terminates the lower part of the paint work in the top side, as all the 
work above this rail is generally painted, and the work of the top 
side below it payed with a varnish, except the main walea^ which are 
always payed with pitch. 

Take the draught of water from the dimensions, and draw the load 
water line, which is always done in green. Divide the distance between 
the load water-line and the upper edge of the keel into five equal 
parts, ,and through these points draw four more ^ater lines. 

Set off the centres of the masts on the gun-deck ; their rake may 
likewise be taken from the dimensions. Set off also the centre of the 
bowsprit, letting it be four feet from the deck at the after part of the 
stem, which will give sufficient height for a light and sdry figure. 

Draw the Knight-heads so as to be sufficiently high above the bow- 
sprit to admit of a chock between them, for the better security of the 
bowsprit. The timber heads may also be drawn above the forecastle, 
observing to place the most ccmvenient for the timbers of the frame, 
being those which come over the upper deck ports, as they may be 
allowed long enough to form handsome heads. There, should be one 
placed abaft the cat-head, to which the foremost block is to be l^olted, 
and there may be two ports on the forecastle formed by them, and 
placed where it is most convenient to the dead eyes. 

D^cribe the channels, taking their lengths and thicknesses from 
the dimensions, and place their upper edges well with the lower edge 
of the sheer rail. The dead eyes may then be drawn, observing to 
place them in such a manner, that the chains may not interfere with 
the ports ; and the preventer plates must all be placed on the channel 
wales, letting 'them be of- such a length that the prevention bolt at 
each end may bolt on each edge of the channel wales. It must also 
be observed to give each of the chains and preventer plated a proper 
rake, that is, to let them be in the direction of the shrouds, which 
maybe done in the following manner : pi^oduce the mast upwards, 
upon which set off the length of the mast to the lower part of the 
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hiead; these straight lines drawn from that point through the centre 
of each dead eye, will give the direction of the chain and preventer 
braces. 

The fenders may be then drawn, observing to place them rigltf 
abreast of the main hatchway, in order to prevent the ship's side froa 
• being hurt by whatever may be hoisted on board. The proper "plaoe 
for them will therefore be at timber 3 ; and the distance between 
them may be regulated by the distapce between the ports. The chest- 
tree may also be drawn, which must be placed at a proper distance 
abaft the fore-mast, for the conveniencyof hauling home the fore tack. 
It may therefore be drawn at the aft-side of timber C, from the top of 
the side down to the upper edge of the channel wales ; and the 
fenders may reach from the top of the side down to the upper edge 
of the main wales. As the fenders smd chest-tree are on the outside 
of the planks, wales, &c. the lines representing the wales, &c. should 
not be drawn through them. L 

Draw the steps on the side, which must be at the fore part of the 
main drift or break, making them as long as the distance between the 
upper and lower deck ports will admit of. They may be about six 
inches asunder, and five inches deep', and continued from.the top of 
the side down to the middle of the main wales. 

In order to describe the head, the height 'of the beak-head must be 
first determined, which may be about two feet above the upper deck. 
At that place draw a horizontal line, upon which set oflfthe length of 
the beak-head, which may be 7 J feetlibaft the fore part of the stem, 
and from thence square a line up to the forecastle deck ; which line 
will represent the aft part of the beak-head, and will likewise termi- 
nate the foremost end of the forecastle. The» length of the head may 
now be determined, which by the proportions will be found to be 15 
feet six inches from the fore part of the ' stem. Set it ofiT from the 
^ore part of the stem, and erect a perpendicular, which will be the 
utmost limits of the figure forward : then take the breadth of the 
figure from the proportions, which is four feet four inches, and set it 
off forward ; and another perpendicular being drawn will shew th^ 
utmost extent of the hair bracket forward, or £»ft part of the figure. 
Then draw the lower cheek, letting the upper edge be well with the 
upper edge of the main wales, and the after -end ranging well with 
the beak-head line ; set off the depth of it on the stem, which is 
about 1 1 inches, and let a curved line pass from the after end through 
the point on the stem, and to break in fair with the perpendicular first 
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dnrwii ioft €b/t length of the head, the fore piurt of the curve will then 
je p wa e o t the pontioii of the figure. 

The upper cheek may be next drawn ; but, in order to know the 
exact piece of it in the item, the place of the main rail must first be 
•et off on the stem, the upper edge of fi^ich may be kept on a leVel 
4rith the beak-head ; then setting off the depth of it below that, the 
place for the upper cheek may be deteimined, lettmg it be exactly in 
the middle, between that and the lower chedk : then, by drawing 
ewrves for the upper and lower edges of the dieek from the after end 
parallel to tiie lower cheek, to break in iair with the perpendicular, 
drawn for the . back of the figure : then the upper cheek will be 
formed. The upper part may run in a serpentine as high as where 
the shoulder of the figure is supposed to ccmie, at which place it may 
be turned off with a scroll The distance from the scroll to the heel 
of the figure is called the hair-bracket. 

The head of the block may be formed, by continuing the line at 
tlie breast round to the top of the hldr bracket, observing to keep the 
top of it about six inches clear of the under side of the bowsprit 

Having the distanoe set off on thc^tem for placing the main rail, 
it may next be described, keeping the bag of it as levdl as possible 
for the conveniency of the gratings, and lettxivg the foremost end rise 
gradually aoooiding to the rise of the upper cheek and hair-bracket> 
and may turn off on the round of Uie senoU befine drawn for tlie hair- 
ferackeL To form the after end, set off the mt& of the head of the 
^nti abaft , die beak-head line, aid «ect aperpendicnlar ; then describe 
Ae arch of a cirek fi:<»B that perpendicular to break in fair with the 
lower side of the rail in tbe middle, and also another from the beak- 
head perpendicular, to break in favour with the upper side of the rail 
at the middle, observing to continue the head of it sufficicDtly high 
io ran^ with the timber heads above the forecastle. 
i The head timbers are next to be drawn, placing the stem' timber its 
iown thickness abacft^he stem, and the f<K««M»st must be so placed 
Ihat the fore side may be up and down wijbh the heel of the block or 
:figure, vi^ich has vd yet been set (C^. Take therefore the distance 
firom tbe breast to tbe heel on a square which is 7 feet, and erect a 
perpendicular fvom the lower part ctf the upper cheek ; which perpen- 
4ic«lar will terminate the foremost end of the lower cheek and the 
Jieel^f the figure, and will also terminate the lower end of the bair- 
tNracket : then, by continuing the same parpendicular fnom the upper 
pMt of the lower deck to the under part of the main rail, the fore side 
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of the foremoBt head timber will be described ; and^ by setting off ita 
thicknefts aft, the other side may be drawn. The middle head timber 
may be spread between the two former ones : and there may alsa be 
one timber placed abaft the stem, at a distance from the stem, equal 
to that between the others, and the lower end of it may step on the 
upper edge of the lower rail. 

To describe the middle and lower rails, divide the distance between 
the lower part of the m^ rail and the upper part of the upper cheek 
equally at every head timber ; and curves being described through 
these points i/^ll form the middle and lower rails. The after end of 
the lower rail must terminate at the after edge of the afiter head 
timber. 

The cat -head ought to be represented in such a manner as to come 
against the aft side of the head of the main rail, to rake forward four 
inches in a foot, and to steeve up five and a half inches in a foot, and 
about one foot six inches square. The lower part of it comes on the 
plank of the deck at the side, and the supporter under it must form 
a fair curve to break in with' the after end of the middle rail. 

The hawse holes must come between the cheeks, which is the most 
convenient place for them ; but th^r place fore and aft cannot be ex* 
actly determined until they are laid down in the half-breadth plan. 

The knee of the head is to jMroject from the breast of thefigiurf 
about two inches ; and particular care must be taken in forming it 
downwards that it be not too full, as it is then liable to rub the cable 
very mnch : it may therefore have no more sid)stance under the. lower 
cheek ait the heel of the figure thim is just sufficient to admit of ihe 
hdbttkj holes, and may be diree and a half feet distant Arom Iht 
stem at the load-water line, making it run in an agreeable serpentine 
lt?u3 froai the breast down to the third w&ter line, where it may be one 
and a half feet from th6 item. By c(Mitinuing the same line down^ 
wards, keeping it more distant from the stem^ as it comes rdown, the 
gripe will be formed. The lower part of it must break in fair with 
the under part of the fake keei ; and the breadth of the gripe at the 
^broadest fdace will be found by the proportions to be four and a half 
feet. As the aft part of the gtipe is terminated by the fore foot, of 
foremost end of the keel, it will now be proper to finirii that pait as 
Mlows : from the line representing the upper edge <^ the keel, set. 
4own the depth of the ked, through which draw aJline parallel to the 
former, and it will be the lower' edge of the keel. From that point, 
where ^ idt side of th3 stem is distant from the upper edge of the 
keel by a quantity eqnal to the breadth of the keel at midships, erect 
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a perpendiculaTy which will limit the foremost end of the keel ; and 
the after or lower end of the stem may be represented by setting off 
the length of the scarf from the foremost end of the keel, which may . 
be six feet Set down from the line representing the upper edge of 
the keel the thickness of the false keel, which is seven inches, and a 
line drawn through the point parallel to the lower edge of the keel 
will be the under edg6 of the false keel, the foremost end of which 
may be three inches afore the foremost end of the main keel. 

The head being now finished, proceed' next to the stem, the side 
and middle timbers of which are already drawn. From the side tim- 
ber set off forward 14 feet, the length of gallery, and draw a pencil 
line parallel to the touch of the upper counter at the side, producing 
it forwards parallel to the sheer as far as the pencil line first drawn ; 
and this line will represent the upper edge of the gallery rim. From 
which set down eight inches, the breadth of the gallery rail, and draw 
the low6r edge of the rail. At the distance of eight inches from the 
fore side of the side timber, draw a line parallel thereto ; and from 
the point of intersection of this line with the upper edge of the gallery 
rim, draw a curve to the middle timber parallel to the touches of the 
upper counter, which line will represent the upper edge of the upper 
counter rail as it appears on the sheer draught. The lower edge of ' 
this rail may be formed by- setting off its depth from the upper edge. 
In the same manner the lower counter rail may be described : then 
tiftke the distance between that and the upper counter rail, and; set it 
off below the rim rail ; and hence the rail that comes to the lower 
stool may be drawn, keeping it parallel to the rim rail. Underneath 
that, the lower finishing may be formed, making it as light and agree- 
able as possible. 

Set off from the middle timber on the end of the quarter-deck, the ^ 
projection of the balcony, which may be about two feet, and draw a 
hne with a pencil parallel to the middle timber. On this line set off 
a point one and a half inches below the under side of the quarter- 
deck, from which draw a curve to the side timber parallel to the upper 
counter rail, which curve will represent the lower side of the foot 
apace rail of the balcony as it appears in the sheer draught. 

Take the distance between the point of intersection of the upper 
edge of the upper counter^ with the middle line, and the point of in- 
tersection of the under side of the foot space rail with the middle line, 
which set up on a perpendicular from the upper edge of the rim rail 
at the foremost end. Through this point draw a line parallel to the 
rim rail to intersect the lower part of the foot space rail, and this line 
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will represent the lower edge of the rail that comes to the middle stool, 
and will answer to the foot space rail. Then between this line and 
the rim rail three lights or sashes. may be drawn, having a muntin or 
pillar between each light of about 14 inches broad, and the lower gal- 
lery will be finished. Set off the depth of the middle stool rail above 
the line already drawn for the lower edge, and the upper edge may 
be drawn. . Then set off the same depth above, the curve drawn for the 
lower edge of the foot space rail, and the upper edge of that rail may 
then be drawn. 

The quarter-piece mtfst next be described, the heel of which must 
step on the after end of the middle stool. Draw a \m6 with a pencil 
parallel to the timber, and at a distance therefrom, equal to the pro- 
jection of the balcony. Upon this line set off from the round-house 
deck the height of the upper part of the stern or taff-rail, which may 
be four feet above the deck. At that height draw with a pencil a 
horizontal line, and from its intersection. with the line first drawn de- 
scribe a curve to the middle stool rail, observing to make the lower 
part of this curve run nearly parallel to the side timber, and the lower 
part, about three inches abaft the side timber ; and this curve will re- 
present the aft side of the quarter-piece at the outside. Then set oflf 
the thickness of the quarter- piece, which is one foot six inches, afore 
the curve already drawn ; and another curve being described parallel 
to it from, the lower part to the top of the sheer, and the quarter-piece 
at the outside will be represented. On the horizontal line drawn for 
the upper part of the taff-rail set off forward the thickness of tlie taff- 
rail, which is one foot; then" draw a curve down to the head of thi5 
quarter-piece parallel to the first, and that part of the taff-rail will 
be described. Instead of a fair curve, it is customary to form the 
upper part of the taff-rail with one or two breaks, and their curves 
inverted. Either way may, however, be used according to fancy. 

Set off the depth of the taff-rail, which may be about three and a 
half feet, on the line drawn for the projection, from the upper part, 
and from this point, describe a curve as low as t&e heel of the quarter- 
piece, and about five inches abaft it at that place ; observing to make 
it run nearly parallel to the after, edge of the quaiter-piece ; and the 
after part of the quarter piece, which comes nearest to the side, will 
be represented. _ , 

Set up on the line drawn for the projection of the balcony the height 
of the upper part of the balcony or breast rail, which is three and a 
half feet from the deck '/ set off the tljiickne^s of the rail below that, 
and describe the balcony, keeping it parallel to the foot space rail» and 
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tennmating it at the line^drawn for the after part of the quarter-piece 
nearest the aide ; and the whole balcony w9l then be represented. 

The upper gallery is then to be described.' In order to this, its 
length mint be determined, which may be 1 1 feet. Set off this dist- 
ance from the side timber forward with the sheer ; smd at this point 
draw a line parallel to the side dhibcr, which line will represent the 
fore part of the gallery. Then take the distance between the upper 
part of the foot space rail and the upper part of the breast rail on a 
perpendicular, and set it off on a perpendicular from the upper part 
of the middle stool rail on the line drawn for the fore part of the gal- 
lery, from which to the fore part of the quarter-piece draw a straight 
line parallel to the rail below, which line will be the upper edge of the 
upper rim rail ; and its thickness being set off, the lower edge may 
also be drawn. From the upper edge of that rail set up an extent 
equal to the distance between the lower rim rail and middle stool rail, 
and describe the upper stool rail,, the after end of which will be deter- 
mined by the quarter-piece, and the fore end by the line for the length 
of the gallery. There may be three sashes drawn between these two 
rails as before ; and hence the upper gallery will be formed. 

The upper finishing should next be drawn, the length of which may 
be one and a half feet less than the upper gallery. Draw a line pa-- 
rallel to the rake of the stem for the fore end of it, and let the upper 
part of the top side be the upper part of the upper rail, from which 
set down three inches for the thickness of the rail, and describe it. 
Describe also another rail of the same length and thickness as the 
former; and eight inches below ; from the end of which a serpentine 
line may be drawn down to the upper stool rsul, and the upper finish- 
ing will be completed. 

The stem being now finbhed, the rudder only remains to be drawn. 
The breadth of the rudder at the lower part is to be determined from- 
the proportions, and set off from the line representing the aft part of 
the stem post ; which line also represents the fore part of the rudd^, 
Then determine on the lower hance, letting it be no higher than is 
just sufficient, which may be about one foot above the load water-line, 
and set off its breadth at that place taken from the proportions. Then 
a line drawn from thence to the breadth set off at the lower part -will 
be the aft side of the rudder below the lower hance. There may also 
be another hance about the height of the lower deck. The use d 
these breaks or hances is to reduce the breadth as it rises toward the 
head. The aft part may. be drawn abore the lower hance, the breali 
at the lower hance being about t^n inches^ and the break at the uppec 
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hance six inches. — The back may be then drawn. It is of ehn, about 
four inches thick on the aft part. . That thickness being set off, and 
a fine drawn from the lower hance to the lower end, will represent the 
back. The head of the rudder should be as high as to receive a tiller 
above the upper deck. Therefore set off the sizp of the head above 
the upper deck, and draw a line from thence to the break of the upper 
hance, and the aft part of the rudder will be represented all the way 
up. The bearding should be drawn, by setting off the breadth of it 
at the keel from the fore side of the rudder, which may be nine inches. 
Set ^ also the breadth at the head of the wing-transom, which ifiay 
be a foot. Then a line being drawn through these two points, from 
the lower part of the rudder to about a foot above the wing-transom^ 
and the bearding will be represented. As the bearding is a very nice 
point, and the working of the rudder depending very much upon it, 
it should always be very particularly considered. It has been custo* 
mary to beard the rudder to a sharp edge at the middle line, by which 
tlie main piece is reduced more than necessary. The rudder should, 
however, be bearded from the side of the pintles, and the ibre side 
made to the form of the pintles. 

The pintles and braces may next be drawn. In order to wUck. 
determine the place of the upper one, which must be so disposed that 
the straps shsdl come round, the head of the standard, which is agamst 
the head of the stern-post on the gun-deck, and meet at the middle 
line. By this means there is double security both to the brace and 
standard. To obtain those advantages, it must therefore be placed 
stout four inches above the wing-transom : the second must be placed 
)ust below the gun-deck so as to bolt in the middle of the deck- 
transom, and the rest may be spaced equally between the lower one> 
which may be about six inches above the upper edge of the keel. The 
awnber of them is generally seven pair upon this class of ships ; but 

I / f 

the number may be reg^uluted by the distance between the second and 
upper one, making the distance between the rest nearly the same. 
The length of all the braces will be found by setting off the length of 
the lower one, which may be eight feet afoi« the back of the stern- 
post, and alao the length of the third, which is four feet and a half 
afore the back of the stem-post ; and a line drawn firom the one ex- 
tremity to the other will limit the intermediate ones, as will appear 
on the sheelr-draught The braces will seem to. diminish in length 
very much as they go up ; but when measured'Or viewed on the shape 
of the body^ they will be nearly .of an equal length. The length of 
the straps of the pintles which oome upon the ruiUier may all be 
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within four inches of the aft side of the rudder ; and the rudder beii^ 
a flat surface, they will all appear of the proper lengths. 

The haif-breadth and body plans are next to be prepared. The 
half-breadth plan must be first drawn. Then produce the lower edge 
of the keel both ways, and let it also represent the middle line of the 
half-breadth plan. Produce all the frames downwards, and also the 
fore and after perpendiculars. Then from the place in the sheer 
plan, where the height of breadth-lines intersect the stem, square down 
to the middle line the fore and aft part of the rabbet and the fore part 
of the stem. Tak^from the dimensions what the stem is sided at that 
place, and set off half of it from the middle line in the half-breadth 
plan, through which draw a line parallel to the middU line through 
the three lines squared down, and the half-breadth of the stem will be 
represented in the half-breadth plan. Take the thickness -of the 
plank of the bottom which is four inches and a half, and describe the 
rabbet of the stem in the half-breadth plan. 

From the points of intersection of the height of breadth lines with the 
counter timber at the side, and with the counter timber at the middle 
line draw lines perpendicular to the middle line of the half-breadth plan, 
from which set off the half-breadth of the counter on the line first 
drawn ; and from this point to the intersection of the line first drawn, 
with the middle line draw a curve, and the half breadth of the counter 
will be represented at the height of breadth, which will be the broadest 
part of the stem. 

Take the main half breadth of timber dead fiat from the dimensions, 
and lay it off from the middle' line on dead flat in the half-breadth 
plan. Take also from the dimensions the main half breadth of every 
timber, and set off each from the middle line on the corresponding 
timbers in the half-breadth plan. Then a curve drawn from the end 
of the line representing the half breadth of the counter -through all 
the points, set off on the timbers, and terminating at the aft part of 
stem, will be the main half-breadth line. Take from the dimensi<Hi8 
the top-timber 'half-breadth line in the half-breadth plan, in the same 
manner as the main half-breadth line. 

Take from the dimensions the half breadth of the^ rising, and set it 
off from the middle line on the corresponding timbers in the half- 
breadth plan, observing, where the word outside is expressed in the 
tables, the half breadth for that timber must be set off above or on 
the outside of the ^liddle line. Then a curve drawn through these 
points will be the half breadth of rising in the half-breadth plan. 

It will now be necessary to proceed to the body plan. Draw a 
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horizontal line, ivhich is called the base line, from the right hand 
extremity of which erect a perpei^dicular. Then set off on the base 
line the main half breadth at dead flat, and erect anothec perpendi- 
cular, and from that set off the main half breadth again, and erect a 
third perpendicular. The first perpendicular, as already observed, is 
called the side line of the fore body ; the second the middle line ; and 
the third the side line of tlie after body. 

Take from the dimensions the heights of the diagonak up the 
middle line, and set them from the base up the middle line in the 
body plan. Take also their distances from the middle line on the 
base, and set them off. Set off also their heights up the side lines, 
and draw the diagonals. Then take from the sheer plan the heights 
of the lower height of l»readth line, and set them off upon the middle 
iine in the body plan; through these points Unes are to be drawn 
parallel to the base, and terminating at the side lines. In like manner 
proceed with the upper height of breadth line. 

The rising is next to be set off on tne body plan ; it must, how* 
ever, be first described in the sheer plan : take, therefore, the heights 
from the dimensions, and set them off on the corresponding timbers 
in the sheer plan, and ajcurve described through these points will be 
the rising line in the sheer plan. Then take from the dimensions the 
rising heights of a dead flat Set it off m the body plan, and draw 
a horizontal line. Now take all the rising heights from the sheer 
plan, and set them off in the body plan from the line drawn for the 
rising height of dead flat, and draw horizontal lines through these 
pointe. Take from the half-breadth plan the half-breadths of the 
rising, and set them off from the middle line in the body plan, and 
the centres of the floor sweeps of the corresponding timbers will be 
obtained. 

From the half -breadth plan, take the main half-breadth lines, and 
set them off from the middle line in the body plan on the correspond- 
ing lines before drawn for the lower height of breadth ; and from the 
extremities of these Unes set off towards the middle line, the lengths 
of the lower breadth sweeps respectively. 

Take from the dimensions tibe distantce of each frame from the 
middle line on the diagonals, and set them off from the middle line 
in their respective diagonal lines. Now ^ese distances being set off^ 
and the lower bnsadth and floor sweeps described, the shape of the 
frames below the breadth line may be easily draw* as* follows : place 
one point of a compftss in the distance set off for their length of the 
Tower breadth swe^, and extend the other to the point which termi- 

3. i 
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nates the breadth, and describe an arc of a circle downwards, which 
will intersect the points set off on the upper diagonal lines, letting it 
pass as low as convenient. Then fix one point of the compasses in 
the centre of the floor sweep, and extend the other to the point set 
off on the fourth diagonal, which is the floor head ; an^ describe a 
cirele to intersect as many of the pomts set off on the diagonals as it 
will. Then draw a curve from the back of the lower breadth sweep, 
through the points on the diagonals, to the back of the floor sweep. 
Describe also another curve from the back of the floor sweep through 

r 

the points on the lower diagonals, and terminating at the upper part 
of the rabbet of the keef, and that part of the frame below the breadth 
will be formed. In Uke manner describe the other frames. 

Through the extremities of the frames at the lower height of 

breadth, draw lines parallel to the middle line, and terminating at the 

upper height of breadth line, and from thence set off the upper 

breadth sweeps ; now fix one point of the compass in the centres of 

the upper breadth sweeps successively, and the other point to the 

extremities of the frames, and describe circles upwards. Then from 

the sheer plan take off the heights of the top-timber lines, and set 

them off in the body plan, drawing horizontal lines ; upon which set 

off the top-timber half-breadths taken from the corresponding timbers 

in the half-breadth plan ; and by describing curves from the back of 

the upper breadth sweeps through the points set off on the seventh 

or upper diagonal ; and- intersecting the top-timber half-breadths, the 

timbers will then be formed from the keel to the top of the side. The 

upper end of the timbers may be determined by taking the several 

heights of the upper part of the top side above the top-timber line, 

and setting them off above the top-timber line on the corresponding 

timbers in the body plan. The lower parts of the timbers are ended 

at the rabbet of the keel as follows : with an extent of 4 J inches,' the 

thickness of the bottom, and one leg of the compasses at the place 

where the line for the thickness of the keel intersects the base line ; 

with the other leg describe an arc to intersect the keel line and the 

base. Then fix one point at the intersection of the arc and keel, 

and from the point of intersection of the keel and base describe 

another arc to intersect the former. Then from the intersection of 

these arcs draw one straight line to the intersection of the keel and, 

base, and another to the intersection of the lower arc and the keel, 

and the rabbet of the keel will be described at the main frame. All 

the timbers in the hiiddle part of the ship which have no rising, ter^ 

minate at the intersection of the upper edge of the rabbet with the 
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base line; but, the lower part of the timbers, having a riBing, end in 
the centre of the rabbet, that is, where the twd circles intersect. 
Those timbers which are near die after end of the keel must be ended 
by setting off the half-breadth of the keel at the port in the half- 
breadth plan, and describe the tapering of the keel. Then at the 
corresponding timbers take off the half-breadth of the keel, set it off 
inthehody plan, and describe the rabbet as before, letting every 
timber end where the two circles for its respective rabbet intersect. 

To describe the side counter or stem timber, take the height of the 
«wing transom, the lower counter, upper counter, and top-timber line 
at the side ; from the sheer plan transfer them to the body plan, and 
through these points draw horizontal lines. Divide the distance 
between the wing transom and lower counter into three equd parts, 
and through the two points of division draw two horizontal lines. 
Draw also a horizontal line equidistant from the upper' odunter and 
the top-timber line in the sheer plan,, and transfer them to the body 
plan. 

Now, from the point of intersection of the aft side of the stern 
timber at the side, with the wing transom at the side in the sheer 
plan, draw a line perpendicular to the middle line in the half-breadth 
plan. ; Draw also perpendicular lines from the points where the upper 
*and lower transoms touch the stem-post; from the points of intersec- 
tion of the stem ^timber with the two horizontal lines drawn between, 
and from the intersection of the stern timber with the horizontal line 
between the upper counter and top-timber line. Then curves must 
be formed in the half-breadth plan for the shape of the body at each 
of these heights. In ordei to which, begin with the horizontal or 
level line representing the height of the wing transom in the body 
plan. Lay a slip of paper to that line, and mark on it the middle 
line and the timbers 37, 35, 33, and 29 ; transfer the slip to the half- 
breadth plan, placing the point marked on it for the middle line, 
exactly on tjie middle in the half-breadth plan,- and set off the half- 
breaddis on the corresponding timbers 37, 35, 33, and 29, and de- 
scribe a curve through these points, and to intersect the perpendicular 
draw^ frqm the sheer plan. In like manner proceed with the hori- 
zontal lines at the heigth« of the counters, between the lower counter 
and wing transom, above the upper counter and top -timber line ; and 
from the intersections of. the curve drawn in the half-breadth plan, 
with the perpendicular lines drawn from, the sheer plan, take the 
distances to tiie middle line, and set them off on the corresponding 

d2 
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lines in the body plan ; then a curve described through the several 
points thus set off, will be the representative of the stem timber. ^ 

The round up of the wing transom, upper and lower counter, may 
be taken from the sheer draught, and set off at the middle line above 
their respective level lines in the body plan, by which the round-up 
of each may be drawn. The round aft of the wing transom may also 
be taken from the sheer plan, and set off at the middle line, abaft the 
perpendicular for .the wing transom in the half-bread^ plan, whence 
the round aft of the wing transom may be described. 

The after body being now finished, it remains to form the fore 
body ; but as the operation is nearly the same in both, a repetition is* 
therefore unnecessary, except in those parts which require a different 
process. 

The foremost timbers end on the stem, and consequently the method 
of describing the ending of them differs from that used for the timbers 
in the after body. Draw a line in the body-plan parallel to the. 
middle line, at a distance equal to the half of what the stem is sided. 
In the sheer-plan take the height of the points of intersection of the 
lower part of the rabbet of the stem with the timber which is required 
to be ended, and set it off on the line before drawn in the body-plan. 
Then take the extent between the points of intersection of the timber 
with the lower and upper parts of the rabbet, and with one leg of the 
compasses at the extremity of the distance laid off in the body-plan, 
describe a circle, and the timbers may then pass over the back of this 
circle. Now, by applying a small square to the timber, and letting 
the back of it intersect the point set off for the lower part of the 
rabbet, the lower part of the rabbet and the ending of the timbers will 
be described. 

The foremost timbers differ also very much at the head from those in 
the after body ; for since the ship carries her breadth so &r forward at 
the top-timber line, it therefore occasions the two foremost frames to 
fall out at the head beyond the breadth, whence they are called 
knuckle timbers. They are thus described : the height of the top 
timber line being set off in the body-plan, set off on it the top half- 
breadth taken from the half-breadth plan, and at that place draw a per- 
pendicular ; then from the sheer-plan take the height of the top of the 
side, and set it off on the perpendicular in the body-plan : take also the 
breadth of the rail at the top-timber line in the sheer-plan, and set it off 
below the top-timber line at the perpendicular line in the body-plan, 
and the strsught part of the knuckle timber to be drawn will be deter- 
mined. Then from the last mentioned point set off describe^i curve 



SHIP BUILDING. 37 



Water Lines. 



through the points set off for the timber down to the upper breadth, 
and the whole knuckle timber will be formed. It will hence be seen 
that those timbers forward will fall out beyond the main-breadth with 
a hollow, contrary to the rest of the top jside, which falls within the 
main-breadth wi^ a hollow. 

The fore and after bodies being now formed, the water-lines must 
next be described in the half-breadth plan, in order to prove the fair- 
ness of the bodies. In this draught the water-lines are all represented 
parallel to the keel ; their heights may, therefore, be taken from the 
sheer-plan and transferred to the body-plan, drawing horizontal lines, ' 
and the water-lines will be represented in the body-plan. In ships that 
draw more water abaft than before, the water-lines will not be parallel 
to the keel ; in this case, the heights must be taken at every timber in 
the sheer-plan, and set off on their corresponding timbers in the body- 
plan ; and curves being described through the several points, will re- 
present the water-lines in the body-plan. 

Take the distances from the middle line to the points where the 
water-lines intersect the different timbers in the body-plan, and set 
them off on their corresponding timbers in the half-breadth plan. 
' From the points where the water-lines in the sheer-plan intersects the. 
aft part of the rabbet of the stem-post draw perpendicular to the 
middle of the half-breadth plan, and upon these perpendiculars set off 
from the middle line the half-thickness of the stem-post at its corres- 
ponding water-line ; which may be taken from the body-plan, by set- 
ting off the size of the post at the head and the keel, and drawing a line 
for the tapering of it ; and where the line so drawn intersects the water- 
lines, that will be the half-thickness required : then take an extent in 
the compasses equal to the-thickness of the plank, and fix one point 
where the half-thickness of the post intersects the perpendicular^ and 
with the other describe a circle, from the back of which the water-lines 
may pass through their respective points set off, and end at the fore 
part of the half-breadth plan, pcoceeding in the same manner as with 
the after part. A line chuwn from the water-lme to the point set off 
for the half-thickness of the post will represent the aft part of the rab- 
bet of the post ; and in like manner the rabbet of the stem may be re- 
presented. The water-lines being all described, it will be seen if the 
body is ^ur; and if the timbers require any alteration, it should be 
complied with. 

The cfmt timbers of the after body may next be described in the half- 
breadth plan ; in order to which the cant of the fashion-piece must be 
first represented. Having, therefore, the round aft of the wing-tran- 
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som represented in the half-breadth plan, and also the shape of a level 
line at the height of the wing-transom ; then set off the breadth of the 
wing-transom at the end, which is one foot four inches, and that will be 
the place where the head of the fashion-piece will come : now to deter- 
mine the cant of it, the shape of the body must be considered ; and it 
must 1t>e canted in such a manner as to preserve as great a straightness 
as is possible for the shape of the timber, by which means the timber 
will be much stronger than if it were crooked; the cant must also be 
considered, in order to let the timber have as little bevelling as possible. 
Let, therefore, the heel of the ^ixiabex be set off on the middle line, two 
feet afore timber 35; and then drawing a line from thence to the point, 
set off on the level line for the wing-transom, the cant of the fashion- 
piece will be described, and will be found situated in the best manner 
possible to answer the before mentioned purposes. 

The cant of the fashion-piece being represented, the cant of the 
other timbers may now be easily determined. Let timber ^9 be the 
foremost cant timber in* the after body, and with a pencil draw timber 
28 ; then observe how many frames there are between timber 28 and 
the fashion-piece, which will be found to be nine, namely, 29, 30, 31, 
32, 33, 34, 35, 36, and 37. Now divide the distance between the 
timber 28 and the fashion-piece on the middle line into ten equal parts : 
divide also the corresponding portion of the main half-breadth line^ 
into the same number of equal parts ; and straight lines joining the 
corresponding points at the middle line, with those in the half-breadth 
line, will represent the cant timbers in the after body. 

The line drawn for the cant of the fashioft-piece represents the aft 
side of it, which comes to the end of the transoms ; but, m order to 
help the conversion with regard to the lower transoms, there may bfe 
two more fashion-pieces abaft the former; therefore the foremost 
fashion-piece, or that which is already described in the half-breadth 
plan, may only take the ends of the three upper transoms, which are 
the wing, filling, and deck : the middle fashion-piece may take the 
four next, and the after fashion-piece th^ lower ones; therefore set off 
in the half breadth plan the sliding of the middle and after fashion- 
piece, which. may be 13 inches. each ; then by drawing lines patkllel to 
the foremost fashion-piece, at the aforesaid distance from each other, 
the middle and after fashion-piece will be represented in the hklf- 
breadth plan. 

-The fashion-piece and transoms yet remain to be represented in the 
sheer plan ; m order to which, let the nufbber of transoms be deter- 
mined, which, for so large a buttock, may be seven below the deck 
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transom : draw them with a pencil, beginning with the wing, the upper 
side of which is represented by a level line at its height; set off its 
siding below that, and draw a level line for the lower edge. The filling 
transom fbllows; which is merely for the purpose of filling the vacancy 
between the under edge of the wing and the upper part of the deck 
plank : it may therefore be represented by drawing two level lines foj 
the upper and lower edge, leaving about two inches between the upper 
edge and lower edge of the wing transom, and four inches between the 
lower edge of the gun -deck plank; then the deck transom must be 
governed by the gun-deck, letting the under side of the gun-deck plank 
represent the upper side of it, and setting off its siding below that ; the 
under edge may also be drawn : the transoms below the deck may all 
be sided equally, which may be eleven inches ; they must also have a 
sufficient distance between to admit the circulation of the air to pre- 
serve them, which may be about three inches. 

The transoms being now dr^wn with a pencil, the fashion-piece must 
next be described in the sheer plan, by which the length of the tran- 
soms, as they appear in that plan, will be determined. As the foremost 
fashion-piece reaches above the upper transom, it may therefore be first 
described : in order to which, draw a sufficient number of level lines 
in the sheer plan ; or, as the water lines are level, draw therefore one 
line between the upper water line and the wing transom, and one above 
the wing transom at the intended height of the head of the fashion- 
piece, which may be about five feet : then take the height of these two 
level lines, and transfer them to the body plan ; and take off two or 
three timbers and run them in the half-breadth plan, in the same man- 
ner as the water lines were done ; then from the point where the line 
drawn for the cant of the fashion-piece, in the half-breadth plan, in- 
tersects the level line drawn for the head of the fashion-piece, draw up 
a perpendicular to the said line in the sheer plan, making a point. 
Again, from the intersection of the cant line, with the level line for the 
wing transom in the half-^breadth plan, draw a perpendicular to the 
wing transom in the ^heer plsm. Also draw perpendiculars from the 
points where the cant line in the half-breadth plan intersects the level 
line below the vnng transom^ and also the water lines to the porres- 
ponding lines in the sheer plan ; then a curve described through these 
points will be the representation of the foremost fashion-piece in the 
sheer plan. In the same manner, the middle and after fashion-pieces 
may be described ; observing to let the middle one run up ho higher 
than the imder part of the deck transom, and the after to the under 
side of the fourth transom uT>der the deck. The transoms may now 
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be drawn with ink, as their len^s are limited by the fashion*', 
pieces. 

Neither the head nor the foreside of the stempost are yet described ; 
take, therefore, Mm the dimensions, the breadth of the post on the 
keel,4and set it off on the upper edge of the keel from the afl side of 
post The head of the post must next be determined, which must just 
be high enough to admit of the hehn-post transom and the tiller com- 
ing between it and the upper deck beam; the height, therefore, that is 
necessary, will be one foot nine inches above the wing transom. Now, 
draw a level line at that height, upon which set off the ba«adth of the 
stempost at that place, taken from the dimensions, and a line drawn 
from thence to the point set off on the keel will be the foreside of the 
stempost ; observing, however, not to draw the line through the tran- 
soms, as it will only appear between them. The inner post may be 
drawn by setting off its thickness forward fk>m the stempost, and 
drawing a straight line as before, continuing it no higher than the 
under side of the wing transom. 

The cant timbers in the after body being described, together with the 
parts dependent on them, those in the fore body may be next formed; 
in order to which, the foremost and aftermost cant timbers must be 
first determined, and also the cant of the foremost ones. The cant on 
the middle line may be one foot four inches afore square timber W, 
and on the main half breadth line one foot nine inches afore timber Y ; 
in which situation the line may be drawn for the cant; the aftermost 
may be timber Q. The cant timbers may now be described in the 
same manner as those in the after body, namely, by spacing them 
equally between the qant timber & and the square timber P, both on 
the main half breadth and middle lines, and drawing straight lines 
between the corresponding points, observing to let them run out to the 
top- timber half-breadth line, where it comes without the main half- 
breadth line. 

The hawse pieces tnust next be laid down in the half-breadth plan ; 
the sides of which must look fore and aft with the ship upon account 
of the round of the bow. Take the siding of the apron, which may be 
about four inches more than the stem, and set off half of it from the 
middle line, drawing a line from the main half-breadth to the foremost 
cant timber, which will represent the foremost edge of the knight- 
head ; then from that set off the siding of the knight-head, which may 
be one foot four inches, and draw the aft side of it The hawse pieces 
may then be drawn, which are four in number, by setting off their 
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8idingpi» namely, one foot six inches parallel (rom the knight-head and 
from each other ; and straight lines being drawn from the main half- 
breadth line to the foremost cant timber will repreumt them. 

The hawse holes should be described in siich a Inuiner as to wound 
the hawse pieces as little as possible ; they may, therefore, be [flaced 
so that the joint of the hawse pieces shall be in the centre of the holes, 
whence they will only cut half the hawse pieces. Take the dimensions 
of the hawse holes, which is one foot six inches, and set off the fore- 
most one, or that next the middle line, on the joint between the first 
and second hawse piece; then set off the other on the joint between 
the third and fourth hawse piece; and small lines being drawn across 
the main half-breadth, at their respective places, will represent the 
hawse holes in the half-breadth plan. 

The hawse holes should next be represented in the sheer plan. In 
this class of ships, they are always placed in the middle between the 
cheeks ; ^erefore set off their diameter, namely, one foot six inches 
between the cheeks, and draw lines parallel to the cheeks for their 
upper and lower part. Then to determine their situation agreeably to 
the half-breadth plan, which is the fore and aft way, draw perpendi« 
culars from their intersections with the main half-breadth line to the 
lines drawn between the cheeks, and their true situations, the fore and 
aft way, will be obtained; and, by describing them round or circular, 
according to the points set off, they will be represented as they appear 
in the sheer plan. 

The apron may be drawn in the sheer plan, setting off its size 
from the stem, and letting it .come so low that the scarf may be about 
two feet higher than the foremost end of the fore foot; by which it 
will give ship to the scarfs of the stem. It may run up to the head of 
the stem. 

The cutting down should next be drawn. Take, therefore, from the 
tables of dimensions the different heights there expressed, and set them 
off from the upper edge of the keel on the corresponding timbers in the 
sheer plan: then a curve described through the points set off, from the 
inner po«t aft to the apron forward, will be the cutting down. Next set 
off frorn^e cutting down the thickness of the timber strake, which is 
8| inches, and a curve described parallel to the former will represent 
the timber strake, from which the depth of the hold is always mea^ 
sured. 

The keelson is drawn, by taking its depth from the dimensions, and 
setting it off above the cutting down line; and a curve described 
parallel to the catting down will represent the keelson. 
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The cutting down line being described, the knee of the dead wood 
abaft timber 27, being the after floor timber, may tlien be represented. 
Set off the siding of the floor abaft it, and erect a perpendicular in the 
sheer plan, which will terminate the foremost end of the dead wood : 
then the fore and aft arm of the knee may be half the length of the 
whole dead wood, and the up and down arm may reach to the under 
part of the lower transom; and the whole knee may be placed in such 
a manner that the upper piece of the dead wood shall bolt over it, and 
be of as much substance as the knee itself ; therefore, the knee must 
consequently be placed its whole thickness below the cutting down 
line representing the upper part of the dead wood. 

The sheer draught, the body, and half-breadth plans are now 
finished, from whence the ship may be laid down in the mould loft, 
and also the whole frame erected. 

We may now describe the inboard works of a eighty gun ship, re- 
verting to the same plate for its illustration. 

Take from the sheer draught the stem, stern post, counter timbers, 
^d keel, and describe them on another paper ; draw in also the cut- 
ting down, keelson, apron, transoms, fashion-pieces, and decks, and the 
upper line of the sheer all fore and aft, also the timbers and ports. 

The beams come first under consideratipn, and should be so dis- 
posed as to come one under and one between each port, or as near as 
can be to answer other works of the ship ; but where it happens that r 
beam cannot possibly be placed under the port, then a beam arm 
should be introduced to make good the deficiency. Every beam, and 
also the beam arms, $hould be kneed at each end with one lodging and 
one hanging knee ; and in those parts of the ship which require the 
knees to be very acute, such as the" after beams of the gun -deck, and in 
some ships, whose bodies are very sharp, the foremost beams of the 
gun-deck, there should be knees of iron. Care should be taken always 
to let the upper side of the knees be below the surface of the beams in 
large ships one inch and a half, and in small ships an inch, by which 
m^ans the air will have a free passage between the knees and under 
part of the deck. In the conversion of the bews, the side next the 
Ipdging knee should be left as broad at the en4 of the beam as can pos- 
sibly be allowed by the timber, the b^an^i retaining its proper scanUing 
at the end of the lodging knee : by so dping the lodging knees will be 
more without a square, which consequently makes them the more easy 
tjo be provided. 

In ships where the beams can be got in one piece, they should be so 
disposed as to have every other one with the butt end the same way; 
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for this reason, that the butts will decay before the tops. In larger 
ships the beams sone made in two or three pieces, and are therefore 
allowed to be stronger than those that are in one piece. The beams in 
two pieces may have the scarf one-third of the length, and those in 
three pieces should have the middle piece half the length of the whole 
beam. The customary way of putting them together is to table them ; 
and the length of the tabUngs should be one-hajf more than the depth 
of the beam. It is very common to divide the tabUngs in the middle of 
the beam, and that part which is taken ^ut at the uppef side to be lefl 
at the lower side, and then kersey or flantiel is put into the scarf: biit 
in this case the water is liable to lie in the scarf, and must be the means 
of rotting the beams. If, however, the beams were tabled together in 
dovetails, and taken through from side to side, putting tar only be* 
tween them, which hardens the wood ; then the water occasioned by 
the leaking of the decks would have a free passage, and the beam 
would dry again ; and this method would not be found inferior in point 
of strength to the other. The length of the fore and aft arm of the 
lodging knee should extend to the side of the hanging knee next to it; 
but there is no necessity for that arm to be longer than the other. In 
fastening the knees, care should be taken to let one bolt pass exactly 
through the middle of the throat, one foot six inches from each end, 
and the rest divided equally between ; observing always to have the 
holes bored square from the knee. The bolts for the thwartship arms 
of both hanging and lodging knees may go through the arms of each 
knee, and drive every one the other way. 

In order to draw the beams in the draught, take the moulding of the 
lower deck beams, and set it off below the line representing the deck 
at the side, and draw a line in pencil parallel thereto, which will repre- 
sent the under side of the beams. In like manner represent the under 
side of the beams for the upper deck, quarter-deck, forecastle, and 
roundhouse. Then take the siding of the lower deck beams, and place 
one under and one between each port, all fore and aft, drawing them 
in pencil. • Determine the dimensions of the well fore and aft, which 
is ten feet, and set it off abaft the beam under the eighth port, placing 
the beam under the ninth port at that distance ; those two beams may 
then be drawn in ink, and will terminate the extent of the well the fore 
and aft way ; and as a beam cannot go across the ship at that place 
upon account of its being the well and mast room, there must therefore 
be a beam arm between these two beams. 

The main hatchway should then be determined, letting the beam that 
forms the fore part of the well form the aft part of it, and. the beam 
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under the next part may form the fore side of it, which beam may also 
be now drawn in ink : there should also be another beam arm intro- 
duced in the wake of the main hatchway. 

The fore hatchway may be next determined t the fore side of which 
should range well up and down with the after end of the forecastle, and 
it may be fore and sift, about four-sevenths of the main hatchway. At 
the fore side of the fore hatchway there must be a ladderway down to 
the orlop, which may be as much fore and aft as the beams will allow. 
The rest of the beams afore the fore hatchway may remain as first 
placed, there being nothing in the way to alter the ship. Then deter- 
mine on the after hatchway, the fore side of which comes to the aft side 
of the mainmast room. 

There should also be a hatchway, the fore side of which may be 
formed by ^e aft side of the beam under the twelfth port, which is for 
the conveniency of the spirit and fish rooms ; and there should be a 
ladderway abaft jt to lead down to the cockpit. There may be also 
another hatchway, the fore side of it to be fbrmed by the aft side of the 
beam under the eleventh port. The size of the ladder and hatchways 
must be governed by the beams, as when there is a good shift of beams 
they should not be altered for ladder and hatchways, unless it is the 
three principal hatchways, which must always be of a proper size, ac- 
cording to the size of the ship. 

The after capstan must be placed between the two hatchways last 
described, and the beams abaft may stand as they are already shifted^ 
observing only the mizenmast. There should be a small scuttle placed 
afore the second beam from aft, for the convenience of the bread room : 
it must be on one of the middle lines, as there is acarling at the middle 
under the four or five after beams to teceive'the pillars for the support 
thereof. 

The bits may be placed, letting the fore side of the after ones come 
against the aft side of the beam abaft the third port, and the fore side 
of the foremost ones against the next beam but one forward; then at 
the fore side of each bit there should be drawn a small scuttle for the 
conveniency of handing up the powder from the magazine. The 
breast hook should also be drawn, which may be three feet the mould- 
ing away, and sided nine-tenths of the beams of the lower deck. 

The gun-deck, beams, knees, &c. being described ; in which, as 
well as all the decks having ports, the same precautions are to be 
used as in the gun-deck ; and observing to keep the beams upon one 
deck as nearly as possible over the beams of the other, for the conve-- 
niencv of piUaring, as they will then support each other. 
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The hatchways are to be placed exactly over those on the lower deck, 
each over each ; and therefore, where there is a beam arm in the lower 
deck there must also be one above it in the upper deck, and the same 
in the middle deck in three-deck ships. It commonly happens in ships 
of the line that there cannot be a whole beam between the deck breast 
hook and the beam that supports the step of the bowsprit, because the 
bowsprit passes through tl^at place : in this case, there must be a beam 
arm placed, letting the end come equally between the beam and the 
breast hook ; but in ships that the bowsprit will allow of a whole beam> 
then the ports and the rest of the beams must be consulted in order to 
space it ; and when it so happens that the foremast comes in the wake 
of a port, then a beam arm mu^t be necessarily introduced. ' 

The positions of the main^topsail-sheet bits are next to be deter- 
mined ; the foremost of which must be so placed as to let its fore side 
eoQie against Ae aft side of the beam abaft the main hatchway, and' to 
pass down to the lower deck^ and there step in the beams ; admitting 
it to be a straight piece, it would come at the aft side of the lower deck 
beam the same as it does at the upper deck beam, in consequence of 
those two beams ranging well up and down with each other : it must 
therefore have a cast under the upper deck beam, by which tl\e lower 
part may be brought forward sufficient to stop in the lower deck beam. 
^ The aftermost must be' placed against the fore side of the beam abaft 
the mast, and step on the beam below ; but there is no necessity to 
provide a crooked piece as before, for the beam of the upper deck may 
be moved a little farther aft, till it admit of the bit stopping on the 
lower deck beam, unless the beam comes under a port^ as in that case 
it must. not by any means be moved. The cross pieces to the bits 
should be on the fore side, and in height from the upper deck about 
one-third of the height between it and the quarter deck. With regard 
to the heads of the bits, the length of the ship's waste should be con- 
sidered ; and if there is length enough from the forecastle to the fore- 
most bits to admit of the spare geer being stowed thereon without 
reaching farther aft, the quarter deck may then run so far forward 
that the head of the foremost bits l^hall tenon in the foremost beam ; 
this gives the mainmast another deck, and admits of the quarter deck 
being all that the longer : but if there is not the room before menti- 
oned, then the quarter-deck must run no further forward than the after 
bits, which will then tenon in the foremost beam ; and the foremost 
bits must have a cross piece let on their heads, which is termed a horse, 
and will be for the purpose of receiving the ends of the spare geer. 

The length of the quarter-deck being now determined, the beams are 
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then to be placed. For this purpose the several contrivances in the 
quarter-deck must be previously consulted. It is necessary to observe, 
that there are neither carlings nor lodges, the cartings of the hatches 
expected, in the quarter-deck, round-house, and forecastle ; as they 
would weaken instead of strengthening the beams, which should be as 
small as the size of the ship will permit, in order that the upper works 
may be as light as possible. Hence, as. there are to be neither carlings 
nor lodges, the deck will require a greater number of beams, and a 
good round up, as on the contrary the deck would be apt to bend with 
it& own weight. The most approved rule is therefore to have double 
the number of beains in the quarter-deck as there are in a space of the 
same lengtli in the upper deck. 

Then proceed to shift the beams to the best advantage, consulting 
the hatchways, ladder-ways, masts, bits, wheel, &c. With respect to 
the ladder-ways on the quarter-decks of all ships, there should be one 
near the fore part of the great cabin for the officers, and another near 
the foremost end of the quarter-deck, consisting of double ladders for 
the conveyance of the men up from the other decks in cases of emer- 
gency ; and likewise one on each side of the fore part of Ahe quarter- 
deck from the gangway : and in every ship of the line all the beama 
from the foremost ladderrway to the after one should be opened wit^ 
gratmgs, both for the admission of air, and for the greater expedition 
of conveying different articles in the time of action. 

The forecastle beams should be placed according as the works of the 
deck will admit. The hatchways are therefore to be considered first* 
There should be one for the funnel of the fire hearth to pass through, 
and one for the copper to admit of vent for the steam ; and also one 
or two over the galley as the forecastle will 4idmit of. The fote-topsaii*^ 
sheet bits should be so disposed as to come one pair on the fore ^uad 
one on the aft side of the mast, to let into the side of the forecastle 
beams, and step on the upper deck beams below : there should also be 
a ladder-way at the fore part of the forecastle for the conveniency of 
the fore part of the ship. 

The beams may now be placed agreeably thereto, their number 
being four more than there are in a space in the u{^r.deck equal in 
length to the forecastle ; and where there happens to be a wide opening 
between the beams, as in the case of a hatchway, mast room^&c. then 
}ialf abeam of fir may be introduced to make good the deficiency. The 
foremost beam should be of a breadth sufficient to take the aft side of 
the inboard arms of the catheads, as they are secured upon this beam by 
being bolted thereto. Every beam of the forecastle should be kneed at 
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each end with one hanging and one lodging knee : the vertical arms of 
the hanging knees should reach the spirketing, and the knees be well 
bolted and carefully clenched. 

Proceed to the round-house ; the same things being observed with 
respect to the beams as in the' quarter-deck : for as the round-house 
beams are sided very small, it hence follows that t^ey must be near to 
each other. Let therefore the number of beams on the round-house be 
four more than in the same length of the quarter-deck ; every other 
beam being of fir for lightness, and every oak beam may be kneed at 
each end with one hanging and one lodging knee ; the hanging knees 
abaft may be of iron, their vertical arms to be in length two-thirds of 
those of wood. The round-house should always have a great round 
up, both for strength and conveniency. There must be on the round- 
house a small pair of knee-bits on each side of the mizenmast, turned 
round and scarfed over each other, and bolted through the mast car- 
lings. There must also be a companion on the round-house placed 
over the middle of the coach, in order to give light thereto. 

.With regard to placing the round-house beams, the uprights of the 
steering wheel and the mizenmast are to be observed ; as when the 
beams which interfere with those parts are properly spaced, the rest 
may be disposed of at discretion, or at an equal distance from each 
other, and letting the beam over the screen bulkhead have a proper 
round aft, agreeably to the quarter-deck beam underneath. 

The upper parts of the inboard works being liow described, proceed 
next to the lower parts, or to those which come below the lower deck. 
Draw in the orlop, by taking the heights afore, at midships, and abaft, 
between that and the gun-deck, from the dimensions, and a curve de- 
scribed through these points will represent the upper part of the deck. 
Set off the thickness of the plank below, and the under side of the 
plank will be represented. As this deck does not run quite forward 
and aft as the other decks, the length of it must be therefore deter- 
mined ; for this purpose let the after beam be placed at a sufficient 
distance from aft to admit of the bread rooms being of a proper size for 
the ship, which will be under that beam of the gun-deck that comes at 
the second part from aft. The after beam being drawn in, proceed to 
space the other beams, placing them exactly under those of the gun- 
deck ; and that which comes under the foremost beam of the gun- 
deck may terminate the fore . part of the orlop. Draw the limber 
strake, by setting off its thickness above the cutting down fine, and a 
line drawn parallel thereto will represent the limber strake. That 
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part of the orlop which is over the after magazine, spirit room, and fish 
room, and also that which is over the fore magazine, is laid with 
thicker planks than the rest of the deck ; which is for the better secu- 
rity of those places, the planks being laid over the beams ; but in the 
midships, from the fore part of the spirit room to the aft part of the. 
fore magazine, the beams are laid level with the surface of the deck, 
and the planks are rabbeted in from one beam to the •ther. 

In order to represent the oriop as just described, the dimensions of 
the different apartments above mentioned must be determined : Let 
the aft side of the after beam be the aft side of the after magazine, and 
from thence draw the bulkhead down to the limber strake ; and the 
fore side of the third beam may be the fore side of the after magazine, 
drawing that bulkhead likewise, which will also form the aft side of 
the ^fish room ; the fore side of the fish room may be drawn from the 
aflt side of the fifth beam, which will also represent the aft side of the 
spirit room ; then the fore side of the spirit room may be drawn from 
the fore side of the sixth beam. Hence fromUhe fore side of the sixth 
beam quite aft the deck will be represented by the two lines already 
drawn, and the upper side of the beams will be represented by the 
lower line. 

Proceed next to the fore part of the orlop, letting the fore side of 
the after bits be the aft part of the foremost magazine, drawmg the 
bulkhead thereof, which will come to the aft side of the sixth beam ; 
therefore, from the sixth beam to the foremost end of the orlop, the 
plank and beams will be represented just in the same manner as before 
mentioned for the after part of the orlop ; then the midship part of the 
deck will be represented by letting the upper line be the upper side of 
the plank, and likewise the upper side of the beams ; and the lower 
^ line will represent the lower edge of the plank, only drawing jt from 
beam to beam, and observing not to let it pass through them. 

The hatchways, &c. may now be represented on the orlop, letting 
^e main, fore,- and after hatchway, be exactly under those of the g^im- 
deck : there must be one over the fish room, xmd one over the spirit 
room. There must be two scuttles over the aifter magazine for the 
passage to the magazine and light room. There should also be one 
afore the fourth beam from forward for the passage to the fore maga- 
zine, and one abaft the second beam for the passage to the light room. 

The above particulars are all that our limits will permit with re- 
ference to a large vessel on the old construction, as a great portion 
of our future pages must be devoted to the improved state of the art.. 
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We come now to what may be considered aa a iiew.era in the art of 
ship bailding. Sir Robert Seppings, to whom we^are indebted for 
some of the most important improvements in marine architecture,, 
which have characterized the present century, will claim a prominent 
place in our pages; and the elaborate calculations by Dr. Young must 
form the best suj^lement to his ingenious labours. 

Several large ships, now at sea, have already been rebuilt at Chat- 
ham on the principle about to be explained ; and, from the favourable 
reports of those ships, the Lords of the Admiralty have given their or- 
ders for the building of several new ships upon the same principle. 

To shew, in as clear a light as possible, the advantages of the appli- 
cation of this new principle to ship building, it may be necessary, for 
the information of those who are not acquainted with that art, to give 
the following general outline of the structure of a ship on the old 

* 

principle. 

1st The frame of a 74-gun ship is formed of more than eight hun- 
dred different timbers, placed at right angles to the keel, which may 
be considered as the back bone of an animal, Emd the frame timbers its 
ribs. Each rib is composed of several pieces of the thickness of four- 
teen inches, or thereabouts. Between the several divisions of the 
frame, or ribs, is a space from one to five inches wide« 

2dly. The whole exterior frame is covered with planks of different 
thicknesses, or to carry on the figure, the ribs are covered by a >skin of 
greater or less substance from the extreme ends of them to the keel or 
back bone. 

The inside of the frame is also almost entirely line4 with planks ; 
within which is another partial range, as it were, of. interior ribs, at a 
considerable distance from each other, termed riders. 

ddly. Across this frame are pieces of timber called beams, united to- 
gether so as to be of sufficient length to reach from one side of the 
ship to the other. 

The use of these beams is to secure the sides of the ship, so as to 
prevent her upper works £rom spreading, and to keep that part which 
is under water from being compressed by the fluid. They are also the 
supports or bearers of the decks (or what we call in houses the girders 
for the floors) and most therefore be of such strength as to endure the 
weight of the cannon, and whatever else is to be placed upon them. 
The usual mode of fastenmg these to the sides, has, generally speaking, 
been merely local, by two angular |Heces of timber, or iron (called 
knees) bolted to each beam, and also to the sides of the ship, by which 
means they were only partially held to the side, and there was wanting 
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that continuity of materials, and consequently of strength, which the 
new system gives. 

Between the beams and at right angles with them are placed pieces 
of wood called carlings, and at right angles with these (consequently 
parallel to the beams) ledges, which correspond with joists in a house. 
The planks or flat of the deck (flooring) is laid nearly in parallel lines 
from head to stem, upon and at right angles with the beams, and is 
fastened to them and to the carlings and ledges by bolts, nails, or 
wooden pins, called treenails. From this statement it will appear evi- 
dent, that the decks, according to the old construction, are in nowise 
connected with the sides of the ship. 

Having thus briefly described the common mode of ship building, it 
will next be proper to point out such of its defects as the new principle 
tends to remove. 

In the first place, it will be perceived, that all the materials com- 
posing the fabric of a ship are disposed nearly at right angles to each 
other. 

This disposition which, in every wooden fabric is well known to the 
meanest mechanic, to be the weakest, is particularly so in a ship, the 
immense body of which, subject to violent action from impulses in 
every direction, is sustained by a greater pressure on the centre than 
the extremities, arising chiefly from the difference in the fore and after 
parts of the body, to that of the midship, or middle part. 

From the want of a continued succession of support from the centre 
to the extremities, originates the tendency to arching, or hogging. 
This tendency shews itself in a ship from the moment of her launching ; 
from whence some idea may be formed to what extent it will be carried 
in a troubled sea, when in the act of pitching she is borne up by the 
fluid only in her central part, while the head and stern are forsaken, 
and therefore unsupported by the water. 

If a straight .line be drawn from the head to the stem of a ship, 
whilst on the slip, or in the dock, no sooner has she entered her own 
element than each end of this line will be found to have dropped from 
two to five or six inches, in consequence of the weakness of the fabric, 
and the two extremes wanting the quantum of support which the 
fluid gives to the central part. 

The length of a 74-gun ship being 170 feet or more, it requires 
but little knowledge of the strength of timber to perceive that planking 
of that length, however thick, or in whatever way joined or put toge- 
ther, must, under the present system, bend with its own weight. The 
fastenings, and consequently the connection of the several parts of the 
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fabric, must therefore suffer for the want of stiffness, and a change of 
form is the consequence. 

• This maybe shewn by putting together four pieces of wood, and the 
securihg them with iron pins in the form of a square ; which on the 
least pressure may be made to change its form to the rhombus ; but 
let another piece be fixed to it diagonally, and the figure of the frame 
will be fouxid immoveable. Place a bar in the middle parallel, to two of 
the sides, and secure it firmly by iroli pins, still the figure will easily be 
iribved by the hand, like a parallel ruler, and assume the rhombcndal 
shape of A or B ; fig. 1, 2, plate 13, but apply to the frame what the 
carpenters term the brace in a common field gate as Z, fig. 3, and the 
figure will remain, as before, immoveable. 

If this brace or diagonal piece is not fixed to it, the outer part of the 
gate (or that part most distant from the hinges) will have a constant 
tendency downwards, until at length it will reach the ground. 

Let fig. 4 and 5 represent two frames of wood composed of parts 
strongly connected by bolts or iron pins. 

Fig. 4. Will represent the principle on which the present system of 
ship building is conducted. 

Fig. 5. The new principle. 

Let CC represent the fulcrum, or point of support. 

And DD two weights attached for the purpose of ascertaining the 
<;omparative strength or stiffness of each frame. 

This experiment will shew that the stiffness of fig. 5 is to that of fig. 
4, as 6 is to 1 , and the strength as 3 to 1 . 

The greater the length of the frames, the greater will be the advan- 
tages of the new principle, both in stifihess and strength. 

The substitution of the triangle, as in the frame of fig. 2, for the rec- 
tangle in the frame ^g."" 1, comprehends the principle of the new 
system, the use and advantages of which will be sufiiciently evident. 

The arrangement of the materials in the triangular mode is such, that 
the pieces disposed horizontally are acted upon as ropes are by a strain 
of the fibre, whilst the other parts, composing a series of triangles, are 
pressed upon as pillars ; in other words, the pressure acts in the direc- 
tion of the fibres" of the wo6'd ; whereas upon the rectangular, or old 
plan, the fibres are acted upon transversely, or across the grain, in the 
same manner as a stick is when placed across the knee and pressed by 
the hands at each end, which first bends, and then breaks. 

To prevent any transverse action upon the fibre of the timber, is one 
of the benefits arising from the new system, and to impede a longitu- 
dinal extension of the structure, is another. 

e2 



52 SHIP BUILDING, 



New Syatem. 



For as the diagonal frame, composed of a series of triangles, aided 
by diagonal trussing between the ports, prevents the fabric from being 
acted upon transversely to the fibres, of the materials horizontally 
placed, so the wale<4, the planking, the shelf pieces, the improved water- 
ways, and the decks systematically secured, become the tie beams of 
the structure. In a word, the.system of triangles is so constructed, in 
conjunction with the planking of the ship, as conjointly to possess that 
property of a triangle already explained, viz, that its figure is as un- 
alterable as the compression or extension of the fibre of timber will 
admit it to be. 

The strength of the principle has hitherto been considered as apply 
ing to, or resisting an alteration of, the figure, by giving great stiffness. 
It is now to be taken in another point of view, that of rendering the 
strength of the fabric as general and united as possible. For let it be 
again observed, the strength of any body is but equal to that of its 
weakest part. 

In the new system, the openings between the ribs are filled in with 
slips of timber nearly to the height of the orlop, or lower tier of beams ; 
which being then calked, and paid or pitched over, makes the frame 
from head to stem, and within a few feet of the greatest draught of 
water, one compact and water tight mass of timber ; so that were any 
of the outer planking of the bottom to be knocked off, the ship would ' 
not only still keep afloat, but would be secured from sinking. In the 
old system the starting of a plank would be, and often has been fatal. 

The mode of filling in these openings between the frame, where the 
width of the space does not exceed three inches, is by driving in slices 
of wood cut wedge-like ; two of which being driven, one from the out- 
side, the other from within, form the parallel space of the opening, 
thereby bringing the parts into the closest contact. In the openings 
exceeding the width of three inches, the space is occupied by pieces 
corresponding with the openings, the fibre of such pieces being laid in 
the same direction as that of the frame timbers. 

These fillings occasion no consumption of useful timber, as one- 
fourth of the produce of slab, and other offal now sold as fathom wood, 
would supply a sufficient quantity for the consumption of the whole 
navy. 

The advantages obtained by filling in the openings are these. To 
add to the strength and durability of the fabric, to preserve the health 
of the crew from the effects of the impure air arising from the filth 
which soon collects in these openings, to render the ship less liable to 
leakage, as well as to facilitate the stoppage of any leak, and lastly, to 
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increase, as it may be said, the thickness of the bottom from four or 
four and a half, (the usual thickness of the plank) to about sixteen 
inches, thereby lessening very .considerably the danger to be appre- 
hended from getting on shore, or foundering at sea. That it tends 
also to the durability of the ship, will be inferred from the following 
positions. 

1st That the x>penings in the old principle are, after a ship has had 
any considerable length of service, choked up in many parts with an 
accumulation of filth. 

2dly. That no free circulation of air can be obtained- in these open- 
ings by any means. 

ddly. That timber being either freely exposed to, or excluded from 
the air, is equally preserved. 

4thly. That it has been found on examining the frame and plank of 
old ships, that those parts (now filled in), generally decay sooner than 
the rest, viz. from the floor-heads in the midships, and from the dead- 
wood forward and abaft to the height of the orlop clamps. 

If die, above positions be true, it will follow* that by filling in these 
openings, much will be added to the durability of the ship ; which also 
wUl be further promoted by omitting in these parts, the inside plank, 
leaving thereby the surface of the frame timbers exposed to a free ad- 
mission of air as often as the ship's hold.iis unstowed, and by the filling 
in, excluding the air from two of the sides of every timber. 

By omitting the inside plank, much is added to the internal capacity 
of the ship's hold. For though the trussed frame projects from the 
timbers more by five inches than the thick stuff at the floor-heads, yet, 
as in the old system, the perpendicular riders are brought upon the 
Uiick stuff, their projection into the hold is more by eight inches than 
that of the new, the advantage therefore as to stowage is in favour of 
the diagonal frame. A tier of iron ballast will also be disposed of in 
this principle many inches lower, whereby an increase of stability will 
be given with less weight, which will favour the ship in carrying her 
ports out of the water, inasmuch as greater stability will be given with 
less ballast. 

An accurate conception of the state of the ship's hold may be 
fbimed, by referring to the longitudinal section (PI. 13. figure 6, which 
is termed the Jesuit's perspective, or bird's eye view) of the internal 
part of one side of a 74-gun ship in a complete state, with fillings in 
the openings between the timbers of the frames instead of the planking 
over them. 
^ In this state the diagonal timbers are introduced, intersecting the 
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timbers ai the frame at thout the angle of 45 degrees, and so disposed 
as that the direC^tion in the fore, is contrary to that of the after part pf 
the ship (as may be seen in the engraving) and their distance asunder 
from six to seven feet or more ; their upper ends abutting against die 
horizontal hoop or shelf piece of the gun-deck beams, and the lower 
ends against the limber strakes, except in the midships, where they 
come against two pieces of timber placed on each side of the keelson 
for the purpose of taking off the partial pressui:e of the main-mast^ 
which always causes a sinking down of the keel, and sometimes to an 
alarming degree. These pieces of timber are nearly as square as the 
keelson, and fixed at such a distance from it, as that the main st^ may 
rest upon thein. They may be of oak, or pitch pine, and as long as 
can be conveniently procured. 

Heces of timber are next placed in a fore and aft direction over the 
joints of the frame timbers at the floor and first futtock heads, their 
ends in close contact with, and coaked or douelled to the sides of the 
diagonal timbers. In this state the frame work in the hold presents 
various 'compartments^ each representing the figure of a rhomboid 

A truss timber is then introduced into each rhomboid with an incli- 
nation opposite to that of the diagonal timbers, thereby dividing it into 
two parts. The truss pieces so introduced into the rhomboid, are to 
the diagonal frame what the key stone is to the arch ; for nonweight or 
pressure on the fabric can alter its position in a longitudinal direction, 
till compression takes place at the abutments, and extension of the 
various ties. 

This arch-Jike property of the diagonal frame, not only opposes an 
alteration of position in a longitudinal direction, but also resists external 
pressure on the bottom, either from grounding or any other cause, be- 
cause no impassion can be made in its figure in these directions, with- 
out forcing the several parts of which it is composed into a shorter 
space. 

The conneotion which is kept up by means of this trussed frame 
firmly attached to the timbers of the ship by circular coaks and bohs^ 
together with the shelf pieces united to the sides and to the several 
beams by means of the same sort of fastenings, gives such unity to the 
whole as to bear no comparison with that heterogeneous and badly 
connected mass of materials for which it is substituted. 

It h^ hitherto been h generally received opinion, that stiffness Q|' 
inflexibility in a ship is not strength, but that a yielding or bending of 
the fabric is an essential quality to preserve it from being destroyed by 
tbe shocks which it is destined to suMain. 
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This misconception must have arisen from an equally inccMrect idea, 
which is, that a ship is an elastic body, because there is a considerable 
degree of elasticity in the materials of which it is composed. But it 
should be remembered, that this elasticity of the materials must be Wry 
inconsiderable, inasmuch a? the minute degree of elasticity m each piece 
must necessarily be neutralised in the fabric, by the various directions 
and tendenciea of the numerous parts of which it is composed, so that 
a ship, let her construction be what it may, either loose or firm, is not 
in any case elastic. It follows then, that every action and reaction of 
the sea operating upon different parts of the fabric at different times, 
occasions, for the want of unity of the wlu^e of the parts, a constant 
and increasing weakness, which by some inay have been taken for 
elasticity. 

When a' sea strikes a ship forward, the bow will rise with the sea ; 
which passing aft, lifts the midships in successicm, leaving at this time, 
in a great measure, the fore and aft parts of the ship with compara- 
tively little, or no support. Such shocks, acting upon a body whose 
parts are not firmly connected, produce a bending and rebendingof the 
fabric, so that the several planks of the sides play over each other, and 
the fastenings are strained and loosened by a repetition of this action 
and reaction. On the contrary, when a body ia constructed with such 
general unity and fixedness of all its parts, as that if one is moved the. 
whole must move with it, then it may be said that all the parts of the 
structure bear their portion of the strain. . - 

The decks come next under consideration, die beams of which are 
disposed in the new system nearly as usual, except that in midships, 
where a ship necessarily requires the greatest security, two additional 
beams have been introduced. 

The beams of the several decks are attached to the ship's side in the 
^following manner* 

1st. By shelf pieees or internal hoops^ distinguished by the lettefr 
£.. These shelf pieces are composed of several lengths of timber 
scarfed or joined together by Coaks, or circular douds, so as io fontf 
a kind of internal hoop, extending from the hooks forward, to the 
transoms abaft, to the underside of which, as well as the under parts 
of the beams, they are securely coaked, and being then firmly bolted^ 
to the side^ instead of becoming a mere local fixture of the beam to tfa^ 
ship's exterior frame>^ as knees were, they are one cotrtinued and general 
security. The shelf piece is also a tie to the topside in a fore and aft 
direction, cooperating with the trussed frame, as already explMned. 

2dly. By chocks, represented in the same figure at letter H., which are 
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placed under all the shelf pieces in wake of the beams, except the orlop, 
ia such a manner as to receive the up and down arm of the iron knees. 
The lower ends of those under the gun-dfeck shelf piece, step on the 
ends of the orlop beams, and those of the several decks above, step on 
the projecting part of the spirketting below. The chocks, particularly 
those between the orlop and gun-decks, admit of their being driven 
into their respective places very tight, thereby acting like pillars. An- 
other advantage attending them, is their great tendency to stiffen the 
ship's side, and to prevent the^beam ends from pla3fing on the fasten- 
ings when the ship is rolling, or straining under a press of sail. 

The curved iron plate knees for securing the orlop beams, and the 
iron forked knees of the other decks, are described in the same plate. 

The flat or planks of the several decks being, on the old system, 
each of them a mere platform, or in other words a cover to a box un- 
connected wit|i the sides, are here so disposed of, as not only to oppose 
an alteration of figure from a force acting on the ship in a lateral di- 
rection, but alio are made subservient towards securing the beams to 
the sides of the ship. 

The framing and flat of the decks (excepting the quarter-deck, fore- 
castle, and round-house, which are laid upon the old plan) are dis- 
posed of, as represented in the plate. The former, that is, the framing 
or ledges and beams in ticked lines, the latter or planks in black ; those 
of the starboard side being laid contrarywise to the larboard. The 
midship ends of the diagonal planks abut against two strakes laid in a 
fore and aft direction without side of the comings of the hatchways ; 
the other ends approach the timbers of the frame, and the buts at each 
end are secured to a tier of carlings placed for that purpose. The flat 
or plank of the deck so disposed is connected with a certain number of 
Goaks to the hooks, beams, and transoms. When the decks are thus 
laid, waterways, as already described, are brought upon, and coaked 
to the ends of the plank. These waterways being then bolted through 
the ship's sides, and also, in an up and down direction, through the 
flat and shelf pieces, combine the whole in one homogeneous mass of 
great strength. 

Few ships are without some complaint of apparent weakness after 
three or four years service. These defects among other places shew 
themselves at the beam ends, which partial complaming proceeds in a 
great degree from the local attachment of the beams to the ship's side, 
and the flat or covering being in to' o unconnected, as already explain- 
ed. The extreme ends of the beams not bebg properly secured, play 
and work upon the fastenings, so that it is not unusual to see the bolt 
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holes cut to an oval figure by the friction of the bolts. The remedy 
usually appUed to a ship in this state is to load her with additional 
materials^ such as iron kness, standards, breasthooks, &c.y thus adding 
greatly to the original weight of the fabric. Now it is evident, that the 
first gale of wind the ship encounters, after being thus partially 
strengthened, she must be reduced to the same state of weakneM she 
was in before the remedy, was applied.' 

This mode of strengthening ships may be compared to thai of a raft 
firmly secured in the first place by strong lashing, which after some 
time works loose, or rather l^ working is stretched. As it might be too 
tedious a business to secure the raft by retightening the lashing, a 
small cord, or some twine, would be used to answer the purpose. It 
is dear that whilst the small cord or piece of twine remained tight, no 
part of the strain can bear upon the strong, but loose lashing, till the 
other stretches or breaks ; so it is with a ship that has additional secu- 
rities given her without refastening those which had worked, or were 
much strained. 

To remedy defects, whether arising from the decay of the materials, 
or from any other cause, the principle now applied has many advan- 
tages, of which a slight inspection of the ship's hold, will convince, 
but in no respect is this advantage greater, than in the decks, for 
by shifting them when worn too thin for calking, the original con- 
nection between the beams, decks, and sides, will be restored as perfect 
as at first. 

The tendency of the ship to stretch or draw asunder in her upper 
works, being by no means obviated by the short planks on the inside 
between the ports, a truss piece of plank is substituted in lieu of them, 
which being well secured at the abutments, very materially aids the 
trussed frame, and gives great stiffness, thereby opposiQg the inclina- 
tion to arch or hog aloft 

On the same plate is seen a representation of the stem of a shq> 
with the trussing and iron work for its security. By this the hehn port 
transom, which consumes one of the largest and most difficult trees 
required, for a ship, is dispensed with. 

Those essential qualities of strength, .safety, and durability, having 
been detailed, a few observations with respect to the economy of the 
new principle*may not be misplaced, which though l>ut of a secondary 
consideraticm compared to the others, yet as the royal navy camiot be 
kept up without a supply of foreign timber, it evidently becomes a si^ 
ject of considerable moment, that upwards of one hundred and eighty 
pik trees should be saved in a seventy-four, and a greater number in 
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larger ships, aiiowing each tree to measure a load, or fifty feet roi;^ 
contents. 

The consumption of this scarce article may be further considerably 
lessened in the new system by the use of inferior, and old ship timber, 
which cannot be employed in the other, and if old ship timber was to 
be generally introduced, as was done in the Ramillies, on^ seventh part 
of the English oak required for a new 74-gun ship might be saved. 

The facility of ascertaining the state, and making good the defects 
of the frame in the lower part of the ship, in consequence of omitting 
the inside planking, will also occasion a considerable saving of timber 
and workmanship, indeed the great ease by which any part of the dia- 
gonal frame may be replaced, justifies the making use of fir timber, 
particularly for the longitudinal piece and^xusses. 

But should the well grounded hopes of durability be realized, the 
saving of timber, and iude^ of every article required for this enormous 
branch of the national expenditure, would be immense. 

Sir Robert Seppings concludes his paper by observing, that the 
appointment of most excellent and meritorious officers to the ships 
already completed on his principle, may be considered as a most favour-^ 
able circumstance towards ascertaining the real merits of the .con- 
struction. 

Indeed, the orders for carrying this new principle of constructing 
His Majesty's ships into effect, were directed by such an honourable 
spirit of liberality ; and so unshackled was the authority given, to ena- 
ble Sir Robert to carry his plans into execution, that no subterfuge could 
have availed him should any failure have been found in the system. 

The advantage derived from the employment of forces acting ob- 
liquely with respect to each other, in a variety of cases which occur in 
practical mechanics, has been demonstratively established by theoretical 
writers on the subject ; and attempts have often been made to extend 
the application of the principle very considerably in the art of shipbuild- 
ing; but hitherto with very little permanent success. Sir R. Seppings^s 
artangenients are in many respects either new or newly modified ; and 
the results of their actual employment, m the repair of the Tremendous, 
appeiar to be sufficiently encouraging to entitle them to a careful and 
impartial investigation^ both with regard to the theory on which they 
are supposed to be founded, and to the facts which may be produced in 
their fimnir. The question, respecting the best disposition of the 
timbers of a ship, is by no means so easily discussed, as may be siup- 
posed by iliose, who have considered the subject but saperfide^ly ; and 
if we allowed ourselves to be influenced by a few hasty arguments ow 
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experimentSy we might be liable to the most dangerous enorg : on the 
other hand, it may easily happen that objections to the application of 
those arguments or experiments, which may occur at first sight, may 
te capable of being removed by a more minute investigation : and the 
importance of the subject requires, that no assistance, whidi can be 
afforded by the abstract sciences, should be withheld from the servioe 
of the public, even by those who have no professional motives for 
devoting themselves, to it. 

The first consideration that is necessary, for enabling us to judge of 
the propriety of any arrangement respecting the construction of a shipy 
is to determine the nature and magnitude of the forces which are U> 
be resisted ; and the second, to inquire in what manner the materiab 
can be arranged, so as best to sustain the strains which these ibfces 
occasion. 

llie principal forces, which act on a ship, are the wefghl of the 
whole fabric with its contents, the pressure of the water, the impulse of 
the wind, and the resistance of the ground or of a rock : and we must 
endeavour to ascertain the degree in which any of them have a tendency 
to bend the ship longitudinally or transversely, or to break through any 
part of her texture ; and to inquire into those causes, which are likely 
to promote or to obviate the decay of the substances emplayed. 

It is unnecessary to expleiin here the well known inequality of the 
distribution of the weight and pressure, which causes^ almost all ships 
to have a tendency to arch or hog, that is, to become convex upwards, 
in the direction of their length. It is possible that there may be cases 
in which a strain of a very different nature is produced: but in ships 
of war^ this tendency appears to be universal. It is, however, very 
different in degree in the different parts' of a ship ; and of course, still 
more different according to the different modes of distribution of the 
ballast and stores, which may occur in difierent ships : but in ordinary 
cases, it will probably be found nearly such as ia represented in the 
calculations from data whic)i were originally furnished by an acute and 
experienced member of the Navy Board. 

To this strain another is added, from a cause, which, although not 
very inconsiderable, appears, hitherto to have escaped notice ;. that is,, 
the partial pressure of the water in a longitudinal direction, affecting- 
the lower parts of the ship only,^ and tending to compress and Morten 
the keel, while it has no immediate action on the upper decks. The 
pressure, thus applied, must obviously occasion a curvature, if the an- 
gles made with the decks by the timbers are supposed to remain unal- 
tered, while the keel is shortened^ in the same manner as any soft and 
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thick sabstance, pressed at one edge between the fingers, will become 
concave at the part compresited ; and this strain, upon the most pro- 
bable supposition respecting the comparative strength of the upper and 
lower parts of the ship, must amount to more than one third as much 
as the mean value of the former, being equivalent to the effect of a 
weight of about 1000 tons, acting on a lever of one foot in length, 
while the strain, arising from the unequal distribution of the weight 
and the displacement, amounts, where it is greatest, that is, about 37 
feet fitfm the head, to 5260, in a 74-gun ship of the usual dimensions » 
and although the strain is considerably less than this exactly in the 
middle, and throughout the aftermost half of the length, it is no where 
converted into a tendency to ^' sag," or to become concave. It must 
however be remembered, that when arching actually takes place from 
the operation of these forces, it depends upon the comparative strength 
of the different parts of the ship and their fastenings, whether the cur- 
vature shall vary more or less from the form, which results from the 
supposition of a uniform resistance throughout the length. An appa- 
rent deviation may also arise from the unequal distribution of the 
weight through the breadth of the ship : thus the keel may actually sag, 
under the step of the mainmast, even when the strain, as here calcu- 
lated, indicates a contrary tendency with respect to the curvature of t|ie 
whole ship. 

The magnitude of the strain on the different parts of a ship is sub- 
jected to very material alterations, when she is exposed to the forces s 
of the wind and waves. The effect of the wind is generally compen- 
sated by a change of the situation of the actual water line, or line of 
flotation, so that its amount may be estimated from the temporary or 
permanent inclination of the ship ; and the force of the veaves may be 
more directly calculated from their height and breadth. These two 
forces can seldom' be so applied, so as to combine their effects, in pro- 
ducing a strain of the same kind in their full extent ; it will therefore 
be sufficient for our purpose to determine the probable amount of the 
force of the waves, which is more materially concerned in Meeting the 
longitudinal curvature than that of the wind. As a fair specimen of 
the greatest strain ^at is likely to arise from this cause in any common 
circumstances, we may consider the case of a series of waves 20 feet in 
height, and 70 in breadth ; the form being such, that the curvature of 
the surface.^nay be nearly proportional to the elevation or depression : 
a single wave might indeed act more powerfully than a continued 
series, but such a wave can scarcely ever occur singly. We shall then 
find upon calculation, that the greatest strain takes place, in a 74 -gun 
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ship, at the distance of about eighteen feet fron the midships, amount* 
ing to about 10,000 tons, at the instant when the ship is in a horizon- 
tal position ; while, in more toommoh cases, when the waves are nar* 
rower, the strain will be proportionally smaller and nearer to the 
extremity. Hence it appears that the strain produced by the action 
of the waves, may very considerably exceed in magnitude the more 
permanent forces derived from the ordinary distribution of the weight 
and pressure, being, according to this statement, nearly three times 
as great ; so that when both strains co-operate, their sum may be 
equivalent to about 15,000 tons, acting on a lever of one foot, and 
their difference, in opposite circumstances, to about 5000. There 
may possibly be cases in which the pressure of the waves produces 
a still greater effect than this : it may also be observed, that the agi- 
tation accompanying it tends, to make the fastenings give way much 
more readily than they would do if an equal force were applied less 
abruptly. At the same time it is not probable that this strain ever 
becomes so great as to make the former perfectly inconsiderable in 
comparison with it, especially if we take into account the uninter- 
rupted continuance of its action : it appears therefore to be highly 
proper that the provision mad^ for counteracting the causes of arching 
should be greater than for obviating the strain in the contrary direc- 
tion: for example, if the pieces of timber, intended for opposing 
them were, on account of the nature of their fastenings, or for any 
other reason, more capable of resisting compression than extension, 
they should be so placed as to act as shores rather than* as ties : 
although it by no means follows, from the form which the ship as- 
sumes after once breaking, that the injury has been' occasioned in the 
first instance by the immediate causes of arching ; since, when the 
fastenings have been loosened by a force of any kind, the ship will 
naturally give way to the more permanent pressure, which continues 
to act on her in the state of weakness thus superinduced. 

The pressure of the water against the sides of a ship has also a 
tendency to produce a curvature in a transverse direction, which is 
greatly increased by the distribution of the weight, the parts near the 
sides being the heaviest, while the greatest vertical pressure of the 
water is in the neighbourhood of the keel. This pressure is often 
transmitted by the stanchions to the beams, so that they are forced 
upwards in the middle ; when they are unsupported, the beams are more 
generally depressed in the middle, by the weight of the load which 
they sustain; while the inequality of the pressure of the water co- 
operates with other causes iii promoting the seyuration of the skies of 
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the ship from the heams of the upper decks. On the other hand, the 
weight of the mvinmast often prevails partially over that of the sides; 
so that the keel is forced rather downwards than upwards in the im- 
mediate neighbourhood of the midships. The tendency to a trans- 
verse curvature is observable when a ship rests on her side, in the 
opening of the joints of the planks aloft, and in their becoming 
tighter below ; although this effect depends less immediately on the 
absolute extension and compression of the neighbouring parts, than 
on the alteration of the curvature of the timbers inconsequence of the 
pressure. ' 

In such a case there is also an obvious strain, tending to produce 
a lateral curvature ; and shores are sometimes employed to prevent 
its effects, when a ship is ** hove down" on her side. This, indeed, is 
comparatively a rare occurrence ; but when a series of large waves 
strikes a ship obliquely, they must often act in a similar manner with* 
imineuse force : the elevation on one side may be precisely opposite 
to the depression on the other ; and the strain from this cause can 
scarcely be less than the vertical strain already calculated : but its- 
effects are less commonly observed, because we have not the same 
means of ascertaining the weakness which results from it, by the 
operation of a permanent cause. When a ship possesses a certain 
degree of flexibility, she may, in some measure, elude the violence of 
this force, by giving way a little for the short interval occupied by 
the passage of the wave ; but it may be suspected that her sailing, in 
a rough lea, must be impaired by such a temporary change of form. 

When a ship takes the ground, she may either give way at once to 
the stroke of a rock, or rest on a bottom more or less soft, until she 
is wholly or partially abandoned by the water. In the former case 
her resistance must depend, in a great measure, on the parts in the 
immediate neighbourhood of the injury ; in the latter it may happen 
that she may be supported by so large a surface, as to be more in 
danger of parting aloft than of being crippled below. Commonly, 
however, the floor tinibers are forced in at one end, the first futtocks, 
which are their immediate continuations, being broken off ; and some- 
times the opposite ends of the floor timbers are forced out, especially 
in large ships without riders, their attachment to the keel' remaining 
unimpaired. 

The causes which promote the decay of timber are only so far un- 
derstood, as we are acquainted by experience with their effects. A 
partial exposure to moisture appears to be by far the most general of 
these causes : it is meW. known that total submersion '• does not 
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acceletete decay ; a surface which is kept moist by imperfect contact 
with another, so that a portion of water is retained between them by 
capillary attraction, seems always to be the part at which the timbers 
begin to rot ; while both the surfaces completely exposed, either to 
tiie drier air, or to the water, and those which are wedged closely* 
together, and press strongly against each other, remain perfectly 
sound. 

We are next to inquire into the comparative advantages of different 
angular positions of the timbers of a ship, for resisting the forces which 
htive been described; and in particular how fkr the arrangements 
which have been proposed by Mr. Seppings, are better calculated for 
the purpose, than the common modes of construction. Whatever 
opinion we may ultimately form of these arrangements, they are by 
' no means sufficiently justified by the experiments which have been 
exhibited in illustration of them. These experiments show, that when 
two parallel planks have loose pieces interposed, extending perpendi- 
cularly from one to the other, they are incomparably weaker, with 
respect to samy transverse force, than when the intermediate pieces are 
in an obHque direction, so as to constitute a frame, which can only 
be bent as a whole.. But it cannot for a moment be imagined, that 
the planks of a ship are connected with the timbers in as loose a 
manner as these transverse braces, which will scarcely support their 
own weight, for the purpose of the experiment ; and in fact the com- 
parison would have required that the whole space included by the 
parallelogram should be filled up, in each case, by similar braces, or, 
at least, that the two planks should have been firmly united at the 
loose end to the transverse braces ; and it is demonstrable, that in 
Uris case the same weight would have broken the pins, as if one of 
the planks had been oblique, or as if the planks had remained parallel, 
and had been connected by oblique pieces. 



Such a result would, however, be far from proving the inutility of 
the addition of oblique braces to a rectangular frame : for the kind 
of strength required for any particular purpose is not always deter- 
mined by the magnitude of the force which would be capable of 
breaking the substances concerned, although the power of resisting 
such a force is properly called strength, in the most limited sense of 
the term : but there are many occasions on which stifihess, or inflexi- 
bility, is of material advantage. A coach spring, consistmg of ten 
equal plates, would be rendered ten times as strong if it were united 
into one mass ; and, at the same time, a hundred times as stiff, bend- 
ing only one hundredth of an inch with tfee same weight that wcukl 
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bend it a whole inch in its usual statc^ although nothing would be 
grained by the union^ with respect to the power of resisting a very 
rapid motion. Now it appears to be extremely difficult to unite a 
number of parallel planks so ^rmly together, by pieces crossing them 
at right angles, as completely to prevent their sliding in any degree 
over each other ; and a diagonal brace of sufficient strength, even if it 
did not enable the planks to bear a greater strain without giving way, 
might still be of advantage, in many cases, by diminishing the degree 
in which the whole structure would bend before it broke. 

The strength of a simple rectangular frame, firmly fixed at one end, 
is rendered somewhat less than double, by perfectly fastening the 
joints at the other, and the stiffness is nearly quadruple. 

The comparative security obtained by the addition of the diagonal 
brace, is almost without limit Supposing any number of planks of 
equal dimensions to lie simply on each other without any adhesion, 
and to be firmly fixed at one end, their aggregate strength will be very 
little greater than that of a single plank of one-sixth part of the com- 
mon depth or thickness of each, supported by a brace a little stronger 
in the direction of the diagonal of the whole ; and the stiffness of the 
parallel planks will be as many times less than that of such a frame, 
as there are planks in one-third of the whole series. 

Thus, if we had twelve planks, six inches deep and one thick, with 
friction rollers interposed, it is demonstrably true, however surprising, 
that they would be very little stronger in supporting a weight at the end, 
than a single tie an inch square in its section, assisted by a diagonal 
brace of equal relative strength ; and also, that this apparently slight 
structure would be nearly four times as stiff as the twelve planks, being 
depressed only one-fourth as much, with a given weight, as the 
planks with a similar force acting on them. 

It is well known, that if the planks were firmly united into one 
mass,, their strength would be rendered twelve times as great by the 
union, and their stiffness 144 times. 

But this is not the greatest resistance of which the materials 
are capable, even without any extension of their base of support; 
for if the planks were connected in pairs, at half the distance of 
the whole depth, and allowed to move freely round fastenings per- 
fectly secure, their strength, speaking theoretically, would be greater 
by one^'half than if they formed a compact mass, while their stiff- 
ness would be only about one-fourth as great: and an effect 
nearly similar might be produced, if the respective pairs were united 
t>y oblique braces, extending over half the depth of the whole 
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Structure, although it would be very difficulty in practice, to make 
the 8tr^agth of an arrangement of this kind even equal to .that 
^ of a compact niass, since the fastenings could never be so perfect as 
to bring every fibre of each plank into its full action at once, as th^ 
theory supposes. If the planks wefe already united into a compact 
mass, so as to be incapable of bending, except as a whole, it is of 
importance to inquire, whether any advantage would be gained by the 
further addition of oblique braces : and it will aj^pear, that if the 
braces were fixed to the outermost planks of the series only, they 
would have no manner of efi*ect, either on the strength or on the st^- 
ness, whatever might be their direction ; but if they were sufficiently 
fastened throughout the extent to eaeh plank with which they come 
into contact, they would add both to the strength and to the stiffness, 
very nearly in the same degree as if they were fixed in the direction 
of the planks, at a distance from each other equal to their shortest 
actual distance, so as to constitute as many ribs as there are braces 
in a transverse Hne. Hence, although there is obviously no economy 
in such an employment of oblique braces, yet it is by no means true 
that oblique braces are incapable of adding to the strength of a 
structure composed of pieces arranged at right angles ; the. assertion 
might, however, be very nearly correct in circumstances approaching 
to those of one of the experiments which have been exhibited for the 
purpose of illustrating the utility of such braces. On the other hand, 
the advantage of employing oblique braces must depend, in' a great 
measure, on the degree in which the angular position of the structure 
would be susceptible of variation without them ; since, when properly 
fastened, they must universally tend to preserve the form unaltered ; 
although th^ are somewhat less calculated to add to the ultimate 
strength of the principal tie or shore, than if their direction had been 
longitudinal. To take, for example, the case of a ship's arching, or 
hogging : if the strength were overcome without any deficiency of 
stifiness, the upper decks and wales woul4 be elongated, and the 
butts of the planks aloft parted ; while the keel would be somewhat 
shortened, and the planks near it crippled, so that a ship of 176 feet 
long ipd 40 feet deep, arching one foot with a uniform curvature, 
would have the length of the parts aloft, on the level of the quarter- 
deck, 22 inches greater than that of the keel. If, on the contrary, 
the strength were not overcome, but the stifihess only failed, the an- 
gular situatbn of the parts bemg altered, and the joints simply 
becoming loose without parting the planks would slide on each other, 
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and their square ends would no longer remain in the same vertical 
line at the ports, while there would be no material alteration in the 
comparative length of the decks and keel, nor any pennanent parting 
of the butts of the planks. 

This comparison, therefore, biitags the question respecting the ge- 
neral utility of oblique riders into a very narrow compass ; and we 
have only to inquire in what way it is most usual for ships to exhibit 
symptoms of weakness, in order to decide it. Now it will appear 
that in cases of arching in generd, some of the^ butts of the planks are 
always found to have parted aloft, at the same time that l^e angular 
position of s(Hne parts of the structure has as uniformly been more or 
less altered ; and very genieraMy a certain degree of sliding is obsen^- 
ble in the planks, at the sides of some of the ports. This sliding is 
seen very distinctly in the planks of the Albion, and of &e Bel- 
liqueux : at the same tune there are also obvious indications of a 
certain degree of extension and compression. In the Albion the 
botts of the planks have parted so fer, that, in some instances, pieces 
have been let in between them. And in the Bdliqueux there is a 
space of about five inches between the middle of the deck transom and 
the carling, which had originally been in contact with it. In the ^ 
Asia, lately launched in the Medway, the arching amounted to three 
inches and a quarter, and the comparative length of the upper and 
lower parts was probably altered about two inches at most : the part- 
ing of the butts amounting to ft of an inch each '' for upwards of 
Mtf feet in length in the midships, and for about eight feet from the 
t<q> of the side," making a total extension of probably less than an 
inch : so that about half the effect seems to have been produced in 
one way, and half in the other ; but, apparently, the greater half by 
the want of stiffness. It is also usually observable, that there has been 
some degree of permanent compression or crippling below, the butts 
of the planks opening when the cause of arching has been removed, 
and the sheathing being more wrinkled than would have happened 
fr6m the simple bending of the planks. Where it has been observed 
that the fore part of all the treenails supported the pressure of the 
planks in the after part of the ship, and the after part in the fore part 
of the ship, the observation must probably have beeti made on the' 
lower parts of the ship, from the effect of a partial cothpression of 
this kind. 

From this statement it appears, that unless some very strong i^ctls 
can be produced to disprove the probability, thftt the relative anigula^r 
position of the parts constituting" a ship may always be materiaUy 
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altered, without an ab»8olute failure of strength, it cahiibt be d6ni^ 
that the principle of obiique bracing offers a remedy for the tehd^ncy 
to arch^ whatever doubts there may be of the efficacy of toy particu- 
lar mode of applying it. And even if no observations dbuld be pro- 
duced, in confirmation of the frequent occurrence of s^bh a change 
of the angular situation of the timbefis, the suppointion that die stiff- 
ness could be perfect in this tespect, notwithstanding tito unequal 
shrinking of the timbers and other similair ciitumstances, while the 
ultimate strength gave way by the failure of the ^teiiings, is in itself 
so highly improbable, that no positive evidience woiild be requir0fl for 
its complete rejection. We shall find aibitoidingly that M. Bouguer 
tak^ for granted the existence of a partial' flexure, as sufficiently 
admissible without direct proof, and recommends the adoption of ob- 
lique planking as a remedy ; and that other experienced authors have 
been equally favouraUe to the employment dt some similar arrange- 
ments. In speaking of M. Qolierf^s modie of placing the cieling of a 
ship obliquely, M. Bouguer pbservei^V that *' this method^cannot fail 
of producing the most desirable eflects ; for when the planldng, both 
within and without, was arranged in the direction of the keel, it hap- 
pened, in case of the ship's arching, that the rectangles formed by the 
timbers and the planking, merely changed their figure a little, so as 
to become rhomboids, two of the angles opaiing a little, while the 
other two became more acute : but when the planks of the cieling are 
laid in an oblique direction, they serve as diagonals to the rectangles, 
so that a simple change ef the relative angular situations of the sides 
is not sufficient to admit of the arching, without an alteration of the 
length ot the diagonals, which would afford a resistance incomparably 
greater, especially at the upright parts of the sides, lEdthough at the floors 
it would have but little effect." Trait6 dti navire, M. Oroignard 
alto, although he objects to M. Gobert"^ ihethbd, ebhfesses that he 
** should h^ve vei'y mddi approved this mode of dispoising the cieling, 
if it had be^ possibte t6 4 employ straight jplanks, having the same 
obliquity, without int^ruption thiroughout the whole of the ship's 
ietigth ;" but thinks, with Bouguer, that in carpentry, ** eveiry inter- 
ruptibn is to be avoided as dangerous :" an objection so vague as nei- 
thet'l;(> tequilre nor to admit a very distinct reply. Don George Juan 
to6, after a calculation of the absolute strength of the pieces of timber 
employed in the construction of a ship, very properly remarks, that 
the effect of arching must be attributed not to their want of strength, 
but to " thai' play upon each other." 

It appears, therefore, to be sufficiently established, that the princi • 

p2 
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pie of employing oblique timbers is a good one, provided that it be 
80 applied as to produce no practical inconvenience. We must next 
inquire, whether Mr. Seppings has introduced it in a manner likely 
to be effectual, and not liable to any material objections. He places 
on the sides of a 74-gun ship several series of oblique braces, princi- 
pally between the ports, in the place of the internal planning, making an 
angle of about twenty-four degrees with die decks, consisting of 
planks four inches thick and about eleven wide, coaked and bolted to 
the timbers, and abutting against upright pieces similarly fastened . Now 
it follows, from what has already been stated, that these pieces have 
about four-fifths as much efiect in co-operating with the neighbouring 
parts, which act horizontally, as if they had been placed in the same 
situation with them, even on the supposition that the relative angular 
situation of the pieces is unalterably fixed ; but, for preventing the 
alteration of this situation, there is no doubt of their being very ad- 
vantageously arranged, so #u: as their strength is sufficient ; and the 
existence of a tendency to such an alteration, in a very material de- 
gree, appears to be altogether indisputable. Below the gun-deck, the 
oblique titibers are considerably stronger, although they act under 
circumstances somewhat less favourable. 

If, however, the resistance of a part of a structure is very imme- 
diately directed against a certain force, without an adequate co-ope- 
mtion from other parts of that structure, and if, being abandoned 
by those parts, it is exposed to a strain which it is too weak to with- 
stand, it is obvious that it must, inevitably be the first to give way, 
and must leave the t'eat of the Ijibric more exposed to be overpowered 
by such a force, than before its introduction. We must therefore in- 
quire, how far it is possible that Mr. Seppings's braces^ should be so 
abandoned. Now, supposing a 74-gun ship to arch two feet, and one 
half of the change to depend on the sliding of the planks over each 
other, which will be allowed, by those who doubt the utility of the 
arrangement, to be fully as much as can ever happen ; the gr^test 
fall of the surface vrill be one foot in 44, and the length of the brace 
wjU be diminished Ay or jb of an inch in the length of six feet ; which, 
with a moderate allowance for the partial yielding of the fastenings, 
it will be perfectly capable of supporting without being crippled, 
although^ indeedy it could scarcely support much more. It is obvious,* 
however, that this supposition, in ipiany respects, far exceeds the 
utmost that can possibly happen : and it would even require a greater 
force to produce such an effect on the braces, than any which the 
ship actually sustains. In qrdet to calculate the mag^tude of the 
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greatest strain which these pieces could support, it will be safest to 
proceed oq the supposition that each square inch of the section of 
good oak timber is capable of resisting the piessure of four tons on 
an average ; it will then appear, that a single series of such bhices 
as Mr. Seppings employs, extending throughout the length of each 
side of the ship, would support a weight of 143 tons, in. whatever 
way the force counteracting it might be applied ; and estimating the 
effect of all the braces and riders as equivalent to about four such 
series, the whole would resist a force of 570 tons : while the greatest 
force derived from the distribution of the waght, together with the 
action of such waves as we have considered, amounts to about 450 
tons ; so that the strength of these braces can scarcely be insufficient 
to support the pressure, unless the ship should be left dry, resting on 
the middle of her keel, and the braces should be abandoned by all 
the other parts which usually co-operate with them. The fastenings 
must indeed be considerably weaker than this, and the other parts of 
the ship considerably stronger ; but since the fostenings appear to 
possess sufficient strength to resist any strain which is actusdly likely 
to a£fect them, there seema to be no inconvenience in their inferiority 
to the other parts. In fact, the Tremendous actually supported for 
three days, without any perceptible change of form, a strain fully 
equal to that which is here calculatjed, having been purposely left on 
shores, which extended through fifty-two feet only of her length: 
But it must be remembered, that such a force, from its very gradual 
application, must be much less tr3^g to the ship's strength than the 
more abrupt changes which occur at sea; and it must, on the whole, 
be inferred, that it would be unsafe to trust to the braces alone, un- 
supported by the co-operation of the neighbouring parts. It would 
probably be easy to add some further strength to these braces near the 
ends of the ship, where the strain on them is the greatest, especially 
about thirty feet from the head, if it were found that they gave way 
before the rest of the timbers; and it might also be possible to replace 
them^ if they had once failed, with greater ease than many other parts 
of the fabric. 

It may be questioned how far it is allowable to omit any part of the 
inner planks between the ports, for which the braces are a substitute, 
on accoimt of their utility in securing the butts of the planks, which 
are always made to shift where they are supported by this sub- 
sidiary tie : but. with the outer planking which remains, and with 
the partial assistance of the braces, to say nothing of that of tbe 
shelf pieces, it can hardly be belic^ved^ that the tie is more likdy to 
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part between two ports of the same deck, than immediately over one of 
them. 

It has been very ingeniously observed, that arching is not only a 
part of the evil occasioned by a ship's weakness, but that it has an 
immediate tendency to afford a partial remedy for the cause which 
produces jt, by making the disj^ement greater at the extremities of 
the vessel, and smaller in the middle : but, in fact, this change appears 
to be too inconsiderable in its extent to produce any material benefit : 
the strain at the midships being diminished by each inch of arching 
only sixty-six tons, supposed to act at one foot ; so tha( very Iktle 
relief is obtained from the change, in comparison with the whole strain. 

The case of the Kent, which broke in a remarkable degree, notwith- 
standing the employment of riders of large dimensions, is perfecdy 
iBconcileable with the principles which have been laid down : indeed, 
these riders, which made an angle of a few degrees only with a vertical 
line, could have so little effect either on the strength or on the stiffness 
of the structure, that there was not the shghtest reason^ expect any 
vnaterial advantage from their application. 

The explanation which has been given of the universal tendency of 
ships of war, in all common circumstances, to arch throughout dieir 
length, is sufficient to justify the difierent directions in which Mr. 
Sqppings now arranges his braces in the different parts of the dup, 
since they must necessarily afford a greater strength as shores, than 
as desj and since the most permanent and the greatest strain will 
generally be such as to call them into action in this capacityv When, 
however, a ship is compared to an inverted bridge, it must not be for* 
gotten bow necessary it frequently becomes^ to consider ti^jBse braces 
in a difierent capacity ; and to provide for this contingency, as, indeed, 
Mr. Seppings has not neglected to do» by empk^ying such foatenings 
as ate extremely well adapted to secure their action as ties. 

The shelf pieces which Mr. Seppings employs, and the superior 
strength of the fastenings ol his decks to the breast hooks and tran- 
soms, have so obvious a tendency to' countevact the causes of arching, 
that it is unnecessary to insist on their utility : the weight and ex- 
pense of the shelf pieces are probably theiOnfy dmwibpcks upon the 
advantages, whidi they are so manifestly eaicuhted to aff(»ni, in resist- 
ing both a viertieal and a lateral strain ; and. even in these respects 
they appear to be preferable to the wooden knees focmeiiy employed. 

The filling up the intervals of the timbers throughout the hold with 
v^ges of old stuff, is perhaps the most indisputably beneficial of all 
the alterations which Mr. Seppings has either introduced or revived 
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in an improved fonn. The strength which is thus obtained acts im- 
mediately in the prevention of arching, and is probably, in this resr 
pect, more than an equivalent to that of the internal planking, which 
has been omitted ; while the cohesive strength, of the eternal plankr 
ing, considered as a tie, is still probably more than sufficient for 
resisting the smaller force, which occasionally operates in a conti:ary 
direction : ^though the strength of the ship, for resistis^ such a forced 
is certainly much diminish/ed by the change. From the. manner in 
which these wedges are driven by Mr. Seppings, it may easily b? 
understood, that they may tend to produce a convexity below, widiout 
raising any part of the keel from the blocks, merely causing it to press 
more strongly on them at the midships ; so that if this difference 
becomes equal to that of the weight and pressure after launching or 
floating, there may be no tendency to any further change wha.tever; 
and hence it may happen, that without any other superiority of stiff- 
mess, or even of workmanship, a ship . may appear wholly exempt 
from ardiing, as the Tremendous did,, and some other ships are said 
to have done. Without the operation of some such cause, even- a 
hollow cylinder of compact oak, 180 feet long, 50 feet in diameter, 
and six inches in thickness, (if such a mass cpuld be suppo^ to exr 
ist) would exhibit when immersed to the depth of its axis, a d^re^ 
of arching just perceptible, from the longitudinal pressure of the 
water only, amounting to about iot ^n inch ; besides a curvature 
proportionably greater from the other strauif, which have been already 
calculated. Mr. Seppings has also very properly introduced in the 
Tremendous an additional kelson on each side of , the step of the inam*- 
mast, in order to support its weight, and to prevent the partial sag- 
ging of the keel. 

With respect to the transverse strain, or the tendency of the si^es 
to sink in CQmparison with the keel, some strength is probably gained 
by Mr. S^pings's mode of fixing the filling tunbers in the same man- 
ner as thefirames: and some advantage must be attributed tp the 
QO^operation of the wedges, or fillings m, with the ti|nber9> as far as 
^leir connexion is capable of bringing them ii^to action. The com- 
mon ceiling is by no means advantageously placed for assisting in 
a resistance of this kind, since it can only act wh^re the curvati^e 
wojuld be increased by {the bending of the sides, ^nd even there can 
only be compressed in a transverse direction. The riders commonly 
placed upon it, on the contrary, are very favourably situated for as- 
sisting in this action ; but Mr. Seppmgs's riders are so much more 
numerous as to possess^ not^thstanding theijr obliquity, a stiU greater 
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force. The fastenings of the beams to the sides are also concerned 
in resisting a strain, of this kind, as well as in counteracting the ten- 
dency to an extension aloft, which is the more immediate consequence 
of the unequal pressure of the water against the ship's sides. Mr. 
Seppings's fastenings, so' far as they depend on the shelf pieces, have 
probably some advantage over the more common ones; but the 
iron knees which he employs do not appear to be quite sq economi* 
cally arranged as the straps of a simpler form, which other builders 
have used; they afford, indeed, a very direct connexfon with the 
timbers, and they save some valuable wood in the chocks which sup- 
port them : but still there appears to be some waste of strength when 
they act as ties, from the great obliquity of the shoulders, with res- 
pect to the direction of the force, to say nothing of the expense of 1^ 
workmanship : and if, as Captaui Campbell seems to have suspected, 
there is any slight deficiency in the transverse strength of the Tremen* 
dous at the waterways, the circumstance may afford a further reason 
for doubting of the utility of these fastenings. 

The least obvious advantage attributable to the obliquity introduced 
by Mr. Seppings, appears to be in his mode of laying the plaidcs of 
the decks ; parts which seem to be principally required ta co-operate 
with the sides of the ship, as ties in a longitudinal direction ; for the 
slight curvature which is given to them can* no more render them 
incapable of such an action, than the bending of a towing rope pre^ 
vents its pulling along a boat. But, in the first place, the lower decks 
call have little or no action of this kind, from their near approach to 
the line, at which extension ceases and compression begins, at least 
until some of the fastenings give way ; and, secondly, the upper decks 
lose but one third of their strength in this capacity, by having ^leir 
planks disposed at an angle of forty-five degrees with the sides, while 
the obliquity must be capable of affording some additional power of 
resisting the violent action of the waves, which sometimes produces 
an immense strain in a transverse or lateral direction, as well as of 
enabling the ship, in case of necessity, to be more ^ely '^ hove down'* 
on her side* There seems also to be some convenience in having the 
ends of the planks covered by the waterways, with respect to keeping, 
the wings of the ship dry, although it has been suspected that the 
ends so covered may be rendered somewhat more liaUe to decay. 
It may, however, be apprehended, that any force, tending to shorten 
the deck, will 'have some little effect in forcing out the sides : for in- 
stance, if the whole deck became three inches shorter, the lei^th of 
the planks remaining the same, they must force out each of the sides 



SHIP BUlLDiyO, 73 

QriUng. 



about a quarter of an inch, provided that their connexion with the 
beams allowed such a change, which appears indeed somewhat im- 
probable. There may possibly be a slight difficulty in adjusting the 
planks to the curvature of Uie beams ; but thi» difficulty appears to 
be readily overcome in other cases, as in that of the common cieling. 
It may hereafter deserve to be inquired, how far an oblique direction 
of the carlings between the beams, which in their present situation « 
seem to contribute very little to the strength, might enable them to 
co-operate in resisting a lateral force, if the arrangement could be 
made without too much weakening the beams, in procuring proper 
abutments for these pieces. 

It cannot easily be admitted, that Mr. Seppings's construction a^ 
fords any additional strength to a ship's bottom in case of her grounding. 
The fillings in betyreen the timbers must indeed be extremely useful 
in this respect, first by giving firmness in the direction of the length, 
^ since even a straight plank is. strengthened by having the incompressi- 
bility of its outside increased, much more one that is curved, in how- 
ever slight a degree ; and, secondly, by co-operating with the timbers, 
considered as shores, so far as the wedges are fixed in their places by 
their lateral adhesion or otherwise. 

The ciefing, which has been omitted^ can have v»y little eftet by 
its own strength in preventing the separation of the timbers at the 
floor heads ; but where there are tranverse riders, it must be of essen- 
tial advant&ge in enabling these to come into action, for the support 
of the'neighbooring parts exposed to pressure ; somewhat mote effec- 
tually indeed, in many cases, than Ulr. Sepfnngs's diagonal riders and 
their trusses can do, notwithstanding the superiority of their number 
suid aggregate strength, on account of the magnitude of the interven- 
ing spaces, which might happen to receive the pnncipal stroke near 
their centres. This magnitude does^not, however, contribute by any 
means in the same proportion to the weakness of the parts, as it would 
do if the surface were plane ; and it is not improbable, that for sup- 
porting the weight of the ship on a very soft ground, Mr. Seppings's 
arrangement might afford equal strength with the common form, as 
seems to have been exemj^ified by his experiment of leaving the 
Tremendous for three days on fourteen shores only without injury : but 
for encountering the stroke of a rock, or of very hard ground, Mr. 
Seppings's ship would probably be inferior, since, in this case, greater 
stiffness, even with equal strength, would be detrimental Tather than 
beneficial; while, on the other hand, she would undeniably be less 
liable to suffer from any in^iiry tiiat night happen to her outer 
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planking only ; and, from her superiority in this respect, might possi- 
bly sustain, without inconvenienoe, a stroke which would be ultimatdy 
filial to a ship of a different constructioa. 

There does not seem to be the slightest ground for the apprehension, 
that the filling in should render the ship's timbers liable to decay ; 
OB the contrary, the timbers of the Sandwich were found perfectly 
sound in die lowdr half of their length, opposite to the wedges which 
had been driren in between than, and completely decayed in the 
upper half, where they had been exposed, in the usual manner, to the 
action of the oonfined moist air and water ; and this result is perfectly 
conformable to analogy with the few facts that have been ascertained 
respecting the general causes oi decay. The utility of the filling in^ 
for preventing the accumulation of filth, and for keeping the ship 
free from foul air, with respect to the comfort, and perhaps to the 
health, of the crew, is too obvious to require discussion. How far the 
economy of timber may in all cases be so great as Mr. Seppings is 
di^>g«ed to believe, can best be ascertained by those who are in the 
liabit of estimating its value : but if the durability of the vessel only 
were improved, at an equal expense, the adoption of his alterations 
would still be highly advisable. 

Having thus, wiUi the assi9tanee> pf Dr. Young, fully elucidated 
Sir Robert Seppings' mode of constructing large vessels, we ^ould 
he waqting in justice to this improver of our navy did we omit to 
notice his admirable paper '' on a new principle of constructing sl^ps 
in the mercantile service." 

And first, as to the principle on which mercantile ships are at pre* 
sent built^ and paft^ularly as regards the putting together their ribs 
or frames, /and the ^arrangement of the materials. In forming the 
frames or ribs, half of the timbers, only ^fe united so as to constitute 
any part of an arch; ^yery alternate couple only being connected to- 
gether: the intermediate two timbers (termed fillings) being uncon- 
nected with each other, and merely resting upon the outer planking, 
iustead of gifing support to it Now, it must be very evident that 
«bips, 00 constructed, can by no means possess equal strength with those 
t^t have the whole of their timbers formed into frames or arches. 

This loose practice is, peculiar to the English merchantship-builder ; 
and indeed was pursued till very Utely even in His Majesty's Navy, 
whil^ the preferable system of connecting the ribs was common to 
Q^x mw^time pp^wers. 

T^ pcil^ple 9f uniting the frames, lately iut^oduced in the con- 
struotifOtfi^ of Epgli^lt^ f hipa pf wfu:v, nu^ introduced 
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into the mercautile naviy;. whicli \i/iQiiId give to Ihe ships in thet 
^nploy additional strength, and increased duitdbiUty, withoui adding to 
the expense of building. 

But the present mode of joining together the several pieces of the 
same rib, is also highly objeolionable. It is done by the introduction 
of a third piece, technically termed a chock or wedge piece^ of which 
pieces the number amounts to upwards of 450 in a 74 gua ship; and 
not less than that number in an Indiaman of 12.00 tons : (to wjiicb 
class of ships the engravings furnished by- Sir Robert have reference.) 
Of these chocks not one in a hundred is ever replaced in the g^ieral re- 
pair of a ship ; for they are not only found defective, but ver^ generally 
to have communicated their own decay to the timbers to which they are 
attached. Besides this, the grain of the rib-pieces being much cut, to 
give them the curvature required, has a considerable share in weaken- 
ing the general fabric. That they occasion a great consumption of 
materials is obvious ; as .the ends of the two rib-pieces must first h(^ 
cut away, and then be replaced by the chock. ' 

This mode of putting together the frame, is also peculiar to the Eng-r 
lish ship-builder ; and Sir Robert says, I find, from an old work in my 
possession, dedicated to George the First, that the practice was intror 
duced in the construction of English ships about the year 1714 : and 
-having heard that so unfriendly to it was the builder (Mr. Naish) of this 
Royal William, that he refused to adopt it ; and being desirous of asjDer- 
taining the fact, when that ship was taken to pieces at Portsmouth, i^ 
1813, I foundAhat she was built without the wedge pieces or chocks, 
to which, in a certain degree, I ascribe her strength and durability ; her 
ribs being by her structure less grain-cut, and for want of chocks, lesf 
liable to decay in those parts where they are inserted. 

Another gieat defect arising out of the present plan of constructing 
mercantile ships is, that the ends of the lower ribs or timbers, com- 
monly termed the lower futtocks, are not continued across the ke^l, so 
that no support is given in a transverse direction when the ship touchy 
the ground ; nor any aid to counteract the constant pressure of tb^ 
mast This great sacrifice of stretigti and sc^tyis ms^ie fpr 1(19 
other purpose than that of giving a passage for the water to the pi:^mps. 

The floor timbers, ^hich by this mode of construction are the only 
timbers t^it cross the keel, are als6 weakened for the san^e pqrpp^ 
This n(iode i^so makes the conveyi^ice of the water very i^ncertajLu, f^ 
the ^ssage is not unfre<|uently choaked; and ^ p»u)app^^froin its 1^ 
b^f^g practicable to cdntu^ue them sufficiently dpwn) al^^ l^eavje f^vn? 
6 tfl|.8 iflcji^ Pfw^to in the. shi^; W Aat ^feift iwwpW^WWtp 
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ooDstantly contain a certain quantity of putrid bilge water, oiB^nsive 
and injurious to the health of those on board. 

The deficiiency of strength causes also an alarming insecurity in the 
plank of the bottom, as shown at that part termed the garboard 
strake ; which consequently, has no other fastening to the general 
Mine, than its connection with the keel as shewn in a previous figure : 
hence it is obvious, that in the event of the keel being disturbed, 
the garboard strake, from its being attached to it, must share the 
same fate as the keel, and in that case the loss of the vessel would be 
inevitable. 

To obviate these serious defects, is Sir Robert's principal object 

The principle he would re- 
commend is explained in the 
accompanying figure ; by 
which it will be seen, that 
the component parts of each 
rib are of shorter lengths and 
less curvature^ and conse- 
quently less graincut; that 
^they are more firm and solid 
by the substitution of coaks 
or douels, for chocks or 
wedge-pieces ; and that the 
mode of connecting the low- 
er timbers is better adapted, 
in the event of a ship ground- 
^^9 to give suppoH and 
strength to the fabric, as will 
appear by the line marked 
H. 

The plan of connecting 
the ends of the timbers by 
circular douels, or coaks, 
(as a;t I,) is sunply that which has,^ from time immemorial, been 
practised to unite the fellies of carriage wheels ; and we learn from Mr. 
Wood, that the same method has been observed in joining together the 
separate pieces of the shafts of the stone columns in the ruins of 
Balbec. *' Little more of this grea^ edifice (says this author) remains, 
than uine lofty columns supporting their entablature. It is remark- 
able, that the shaft of these columns consists of three pieces most 
exactly joined together without cement, which is used in no part of the 
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buildings, they being strengthened with iron pins received into a 
socket How much this method contributed to the strength of the 
i)uildingy is remarkably seen in the most entire temple, where a column 
has fallen against the wall of the cell with such violence, as to beat in 
the stone it fell against, and break part of the shaft, while the joinings 
of the same shafts have not been in the least opened by the shock" 

That the frame of the Thunderer, (now Talavera) built on this prin- 
ciple, is superior in point of strength, to a frame constructed on the 
common system, is fully established by a report from the officers of His 
Majesty's Yard at Woolwich to the Navy Board, who directed them 
to compare the strength of the frames so united, with those of the Black 
Prince, constructed in- the usual way with chocks or wedges. 

It may be necessary to observe, that the frame of the Thunderer is 
composed of small timber, hitherto considered applicable only for the 
frames of frigates. Sir Robert was prompted to attempt the introduction 
of the plan on which she is built, from there being a surplus store of smdl 
timber in the yard, and from a conviction, that a well (Combined num- 
ber of small timbers, might be made equal, if* not superior, both in 
strength and economy, to the large, overgrown, and frequeiilly grain* 
cat materials, made use of in constructing the' frames of large shipk; 
and the result has shown the correct- 
ness of the principle ; the adoption of 
which cannot fail to prove of great 
national advantage, in the application 
of sloop timber to the building of fri- 
gates, and of fr^te timber to ships 
of the line, whenever larger timber can- 
not be procured. On this principle also, 
may frigates and small ships of war, ': ^ 
or merchant vessels, be built of straight : ^ l^ 
fir, without the assistance of oak or elm, 
which were formerly employed to give 
the necessary curvature of the sides. 
As it respects the general safety of the 
ship, it will be seen by the annexed and 
following engravings, that the timbers 
uniformly cross the keel ; that the frame 
of the ship is filled so as to form one 

compact body to the height marked K; and that only certain 
internal streaks of plank, or thick fttuff, as it is termed, are introduced, 
which are those on the joints of the timbers, for the purpose of giving 
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ttrength where every alternate 
timber necessarily joins, as 
shown at L. All the rest of 
the inner planking may be 
omitted; and dunnage bat- 
tens, brought in a perpendi- 
cular direction, upon the tim- 
bers between the plank, as 
shown at M, forming regular 
spaces between each, as is 
usual at present upon, the C 
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plank ; thereby giving an in 
crease of stowage, in propor- 
tion to the thickness of the 
plank omitted. Water courses, 
as shown by dotted lines at 
N, are to be left in the joints 
of the timber . under the 
planky for the purpose of 
conveying the water to the 
pumps; which, by this plan 
will reach below the water, instead of being some inches above^ as if 
the case with the present mode, before described ; consequently, by the 
proposed system, no stagnant water will remain; and farther, the 
limber passage, or water courike, will be one smooth, uniform channel^ 
which can be cleared with ease, should it be required, whenever th^ 
hold is unstowed ; whereas at present it is inaccessible in places, and 
forms compartments for putrid water, without there being aay mean« 
of removing it. 

It is obvious, that a ship on the principle I have here recommended^ 
may sustain the loss of certain planks of the bottom, and also the keel, 
(which has frequently been found to have happened to ships of war on 
their being taken into dock) and still reach the place of her destination ; 
when the loss of either, would be the destruction of a ship built on the 
present mode. It will be evident also, that a ship constructed as now re- 
commended, possesses greater stowage, and more space for leakage, than 
by the old plan ; by the omission of the useless inner planking, and by 
laying the kentlage on dunnage, leaving a space for the watek*) which 
was formerly occupied by the inner linings This dunnage in the bilge 
may be formed with the iron kentlage, and thereby serve as ballast, for 
which it is well calculated from its situation ;: and by its occupying a 
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space heretofore formmg part of the fabric of the ship, will give an in- 
crease of stowage, as before stated. 
The best mode of closing the openings between the timbers, is by 
' filling the intermediate spaces with pieces of wodd, si^xitit three inches 
in depth, of sudh lengths as the inferior conversions will supply, 
abundance of which may be procured from, the offal. ■ These fillings 
are to be well calked, after which the exterior plank is to be brought 
on. When the works are going on within board, similar pieces are to 
be fitted internally, and afterwards taken out for the purpose of filling 
the spaces between the pieces so fitted, with a mixture of Parker's 
Roman cement and drift sand, in the following proportions, viz. 

Parker's Roman cement } 

Drift sand } 

previously paying the opening well with' coal tar. Where there is suf- 
ficient space, a bnck, or part of oiie, may be introduced, provided there 
is room for cement between it and the timbers. When filled in to 
withia about two ircIibs of the surface of the frame, the pieces of three 
inches alseady fitted and taken out, are to be well driven in and 
calked, and by ao doings no space will be left unoccupied. If <<»on- 
sidered desii^ftble^ these piecev may be driven below the surfeee of l^e 
timbeir^, thep^.. leaving: i^ait^r courses to convey the leakage to, the 
puftips in cfatonels. - Aad prior to launching or undockihg of ships, 
bttik oor thft pHnfii^ I hsm reoommended, it has been the practice to 
ita^lt'the^RtF'fiiM ui^kk mineral tatr, by meaiiis of a simple forcing 
pump, boring holes in the joints of the timbers for the intlroduction of 
the pipe. : Bjjf feHotring this method, the air will be exdnded, "^hich, 
as exp^iente has shown^ tends much to thfe durability of the fabric; 
confirming the tosertionsfnadeby Doctor Hales on thi8-kubject,ih!iis 
work on Ventikters, ()ufoli8hed in 1750, aiKd also oi Doctor Heniy, in 
his work on tlhe Eleinfents of Chemistry. If what is here recommended 
be attended to, and mercantile ships were built under roofs, as ships of 
war now are, durability would be obtaiilied in addition to safesty, from 
the mode of their construction. 

, The beams are to be attached to the sides, as shown at O, in the 
following figure, rendering wood knees unnecesary, and requiring only 
a small number of those of irOn. 
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The mark P describes the old principle of frwnin^ the item inth 
tnuBoma. Q, the new principle, with timbera umilBr to the bow, 
omitting the banioms below the wing or n[ipar tisnsom ; and by in- 
troducii^ the new prbciple on which the floors are made, the neces- 
nty of luing valoable compass, or crooked timbo', hitherto lequired, 
and with difficulty procured for these purposes, is anjided. UiuEanB 
support will thus be ^ven, and also an mcrease of room for ilowage. 

In lo^ mercantile ships above 500 Ions, Sii Robert recooiiDMids 
that plate-iron be laid diagonally. 

The principle now recommended will cause a decrease in the con- 
. sumption of materials, and the difficulty of procuring the necessary 
cnnrature will be obviated. It also affords protection from worms 
externally, and vermin internally. Leaks may be more easily disco- 
vered and stopped than by the old method ; and in pokit of additional 
strength, there can be no doubt But were farther proof required, the 
inventor goes on to state, that the Malabar, of 74 guns, built at Bcnnbay, 
arrived at Portsmputh in October last, loaded to her upper deck with 
timber; and during her passage encountered four heavy gales of Wind, 
without showing a symptom of weakness, as will appear by the follow- 
ing Extract from the Survey made by the officers of Plymouth Yard, 
on that ship, by orrter of the Lords CommiBsioners of the Admiralty : 

" When we consider the nature of the lading that this ship has 
brought home, with the temporary security to the beams of all the 
decks, except the orlop, and that on her passt^ she encountered four 
very severe gales of wind, it must, we presume, be very gratifying to 
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your Honourable Board to find, that she does not indicate any past 
symptoms of weakness or straining in any part." 

This ship had no other attachment for her beams than the internal 
hoops and tliick waterway : the remainder of her security, the iron 
knees, being omitted (from the difficulty of procuring them in India) 
until her arrival in tliis country ; thus supporting her cargo without 
the aid of knees, either of wood or iron. 

Sir Robert Seppings' improvements are not, however, confined to 
those portions of a vessel to which we have already had occasion to 
allude : the stern has more immediately engaged his attention. Mr. 
Harvey, of Plymouth, has very fully examined this part of the subject ; 
and his observations will suffice for a clear and comprehensive view 
of the matter. In the mechanical construction of a ship, every part 
of its structure ought to possess a proper degree of strength ; no one 
part possessing — if such an expressk)n may be made use of — more 
strength than is absolutely necessary, nor any part less strength than 
the nature and office of that particular part is destined to maintain. 
And it is in the due adjustment of the several parts which constitute 
the frame of a ship, considered as a system of mechanical forces, that 
the science and judgment of the naval architect find so wide a field 
for the exercise of his powers. 

Where a general similarity of construction prevails, it is impossible 
to derive any information from comparison : no advantage, for exam- 
ple, could be derived from comparing the square stern of another, 
supposing equal skill to have been employed in their construction ; 
but we may arrive at some satisfactory information, by contrasting the 
strength and firmness of structures of different forms, — the strength 
of the stem of a ship, for example, with that of the stem. It may 
indeed be urged, in opposition to such a comparison, that, indepen- 
dent of the dissimilarity of form, which at present actually exists, 
between the stem and stem, the duties which' they are destined res- 
pectively to perform are so very opposite to each other, that nothing 
satisfactory could be hoped for from the comparison. The dissimi- 
larity of form, and the distance in the respective offices of the parts 
just alluded to, will be immediately admitted. But if it should ap-^ 
pear on examination, an4 by an appeal to authentic documents^ that 
a weakness in the stern is much more common than in the bow, the^ 
will both these objections be fairly disposed of, and a superiority ii;i 
the formation of the bow, over that of the stem, will b^ the necessary 
consequence. 

The change which Sir Robert Seppinga cpatemplates, and \vhicl\ 
6^ a . 
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he has actually applied to sereral ships, is, to communicate to the 
stern the strength and firmness of the bow ; and to continue the dia- 
gonal system of building, whirfi he has lately introduced, round the 
stern, in order to make the strength of the fabric uniform and com- 
plete. It is now universally admitted, that the diagonal system has 
communicated great strength to every part to which it has been hi- 
therto applied; and there seems no good reason why tHb same increase 
of strength should not be communicated to a part so notoriously 
weak as the present square stem, particularly when by doing so not 
only the mechanical frame of the ship is materially strengthened, but 
its means of defence also very much increased. 

The next point of view, in which this important subject may be 
contemplated, is the consideration of the means which each' form of 
the stern affords for attack and defence. 

In the first place, the same objections may be urged against thd 
defence of a square stern, as is known to attach to a redoubt of a 
square form. '^ Redoubts,'' says Malorti de Martemotit, in his theory 
of Field Fortification, *' when they are not flanked by some other fire, 
have two essential defects : the first is, that their saliants are unpro- 
tected, which cannot be remedied 'but by adapting to those saliants a 
few teeth of cremaillere, or, when the ground and every oth^r circum- 
stance will allow it, by directing the saliants towards some inaccessi- 
ble points, or by placing in front of them, when possible, some artifi- 
cial obstacles." '< But," continues Malorti, " circular redoubts have 
not that defect, as their fire, which has no fixed direction, may inces- 
santly vary, and spread itself on every point of the ground that sur- 
rounds thetti ;" and, " the defence which they present is uniforad on 
every patt of the circumference." Now the defects which this able 
writer attributes to square redoubts, hold, in all their force, against 
the defence of the square stem ; while the reason he g^ves in favour 
of redoubts of a circular form, appplies most favourably to ships with 
round sterns. If we may be allowed, by way of illustration, to bor« 
row a few terms from the practice of field fortification, to apply to the 
mode of defending a ship of war, we may, without impropriety, say, 
tne '' saliants" of the square stem are unprotected ; that we cadnot 
apply to those " saliants" a few teeth of * 'cremaillere;" much less direct 
the "saliants" towards "inaccessible points," or. erect in front of 
them " artificial obstacles." But that the fire of the circular stem is 
without " a fixed direction," because it will " spread" itself over every 
point of the ocean that surrounds it, and, moreover, that its defence 
will be found " uniform" in every part of the circumference. ^ It is 
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true, that the defotce of the stem only includes the fonn of a semi- 
cirde, while the defence of the redoubt here alluded to, embraces the 
whole range of its circumference ; stiU the reasoning holds good for 
the latter figure as well as for the perfect circle, because the chord of 
the semicircle, in the case of the circular stem, requires no defence. 

*' In the event of future wars,'' observes Sir Robert, " an altera-, 
tion in the form of the stem of our ships of ¥Far would, in all proba- 
bility, be absolutely necessary ; by which the guns may be worked 
with^ greater effect and fecility, in consequence of the introduction of 
steam vessels : and that America is firmly convinced that a, system of 
attack, by this description of vessels, is not only practicable, but that 
it will also be destructive in its operations, is not to be doubted." 
^' Indeed," continues Sir R. ^' I have been told, from good authority, 
that they have lately well manned one of their frigates, given the comf 
mand of her to a good officer, and directed anexperimeait to be tried, 
if a vessel propelled by steaiA could not, under any circumstances, lay 
on the quarter of the ship she attacked; atad the result was completely 
in fevour of the steam vessel.*' If we inquire into th^ cause of this 
feilure, we shall undoubtedly find, that the frigate was inc«^able of 
defending her quarter, owing to the square form of her stem, — a cir- 
cumstttice which would not have taken place, if she had possessed 
one of a circular form. 

, In case of an attack of the kind just alluded to. Sir R. Seppings' 
plan gives a superiority, not only on account of the additional number 
of guns which the ship is enabled to bring into action, and the sweep 
of the ocean which those guns are able to command; but also, an 
advantage of another kind, arising from the diminution of the distance 
of that point from the ship where the shot from the two after-guns 
cross each other, when the guns are trained to their greatest angle, — 
a point, it is presumed, of no small importance in case of an attack 
from a steam vessel. * In an 84-gun ship, with a square stern, this 
point is distant frpm the stem, on the level of the gun-deck, about 
18} feet, and from the upp^ deck about 16 feet; whereas, in the 
circular stem the same point on the gun-deck is distant only 12 feet, 
and from the upper deck but 13. In the case of a 60-gun frigate, 
the distance of a similar point from the square stem is nearly 16 feet, 
while,^in the circular stem, it is only nine. These united considera- 
tions tend unquestionably to prove, that the circular stern is the form 
best capable of defence. 

The sentiments of so distinguished a man as Dupin, on a question 
of this nature, are entitled to the highest consideration ; and it ia 
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kiost pleasing and satisfactory to peruse the candid and sensible re* 
marks he has made on the subject of round stems, in his different 
valuable works. '' It is m the stems of their ships," says he, " that 
the English, at this tune, carry into effect a great improvement. For 
the future (it is to be wished that the liberal views of Dupih were com- 
pletely realised in this point) the stems of their ships are to be circu- 
lar, composed of timbers, and planked up in the same manner as the 
sides of the ships. They are to be pierced with ports, shut in with 
solid port-lids, (below). The ships of three decks, for example, pre- 
sent four vertical ranges of four ports each, to fight when in retreat, 
which, in proportion to the breadth of the ship, present a force equal 
to that of ships the best armed in their sides. In the (square) stem, 
the many glazed windows, and the munnions of fir, are the only de- 
fence ; notwithstanding, a shot which comes into a ship from aft for- 
ward, or from forward, aft, causes ten times the destmction which a 
shot does which comes in at one side and passes out at the other. 
Act contrary, then," continues this enlightened author, '' to what has 
hitherto been the practice, and, if possible,' make the means of defence 
of the part most exposed, ten times as great as it now is : reason, at 
least, demands that this should be done. 

^* I ardently wish to see these improvements introduced intx) our 
ships. I have constantly repeated, since my first journey into England 
until this- day, every argument, every observation, every experiment,' 
which have appeared to me to carry conviction to the mind. Preju- 
dices and objections, ^dbich it is impossible to overcome, except by the 
aid of time, have presented themselves ; but over tiiese, time will 
nec;essarily triumph." 

Dupin has alluded to prejudices ; and, unfortunately, objections, 
having no better foundation, have existed, and do still exist, in this 
country, against this most important plan. Among these prejudices, 
one may be mentioned, whid\ has given rise to objections respecting 
the want of beauty in the external form of the circular stern. It will 
not be contended, but that, according to the mode in which the eye 
has been hitherto educated, the appearai^ce of the square stem is ra- 
ther more beautiful than that of the circular form ; but the influence 
of education, it has often been remarked, is impotent, and time will 
do m!»ch for the appearance of the new plan. Is it not, however, trif- 
i^n;.T with a subject of so very important a nature, to sacrifice utility 
to appearance ? Ought the -sound principles of a genuine mechanical 
construction to be abandoned, because the eve has been wedded to a 
particular form ? Ought not the primary objects for which a ship of 
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war was constructed^ to be consulted, rather than aiiy ideal notions* 
relating to a subject so very abstract and uncertain as that of Scanty? 
A ship of war should be contemplated at all times — whether in an 
actual state of warfare, or during a period of tranquillity and peace — 
as a floating castle, possessing all the essential elements of durability 
and force, and capable of acting under all situations, whether of an 
offensive kind, with equal power, certainty, and success. This, it 
must be admitted, is the idea which ought ever to be associated with 
a British man-of-war, destined, as it is, to act under circumstances 
so very varied and uncertain. Objections relative to appearances 
should cease ; and even convenience ought to be surrendered, if neces- 
sary, when so many advantages are likely to be obtained. ^ '' Orna- 
ment and decorations can only be perfectly beautiful," as Dupin inge- 
niously observes, '* when the appearance of force commands respect 
from the enemy." <' What should we say," continues this judicious 
observer, 'Vof a military engineer, if he were to substitute for thick 
walls, and the massive gates of curtains, glass doors, to please the 
fancy of the officers of the place ? Yet," says he, when referring to 
the square stems, '* here are the glass 'doors which we open in the 
durtains of our floating fortresses. 

In concluding these remarks, therefore, it may be observed, that 
Sir Robert Seppings, in his letter to Lord Melville, has mcst unques- 
tionably demonstrated two essential and important principles, namely» 
first, that a ship's stem, when constructed of a square form, is weak 
and feeble, when compared with the present general stmcture of the 
vessel ; and, secondly, that vessels with sterns of the same form, are 
incapable of making a strong and vigorous defence, when attacked by 
a powerful force in that part : but that vessels with circular stems 
possess qualities and powers precisely the reverse, exhibiting strength 
where weakness is invariably found in tlie old form ; supplying all 
the defects attendant on that mode of constraction ; giving strength 
to the entire mechanical frame of the ship, and affording increased 
security and power to the gallant men who navigate and defend her. 

Having, in the preceding pages, examined the various plans con*- 
nected with the out-board works, as well as the improvements sug- 
gested by Sir Robert Seppings, it may now be advisable to notice, 
prior to our examination of the internal arrangements, the keel, with 
reference to Captain Schanck's suggestions for the improvement of 
that important part of .the vessel. The speed of a vessel does not 
depend so much lipon the form of the bow as it does on the depth to 
which it is immersed in the water. CapUin Schanck has stated very 
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stated very properly, that in the case of a frigate drawing seventeen feet 
water, and another frigate of the same burthen drawing only eleven 
feet, the last will have a body of six feet less fluid to divide, opposing 
only one, two, or three keels, as may be found necessary, to make her 
hold a good wind, while the first has six feet perpendicular depth of 
her hull depressed, being about one-third of her real size. It follows, 
therefore, she has a body of water to displace, and force herself 
through, equal to the difference between eleven and seventeen ; when 
it is considered, in addition to this, that the resistance of the fluid 
rapidly encreases in proportion to the depth it is acted against, the dis- 
parity is almost incredibly encreased. North-country built vessels, or 
those in the coal-trade, are a strong proof of this observation. These, 
in general, draw one-third less water, than any other of British con- 
struction ; yet, when employed as transports, they are generally found 
to sail as fast as any others ; and, when going before the wind in bal- 
last, or half loaded, frequently beat the ships belonging to the Royal 
Navy. When, however, they are close hauled on a wind they will 
drop to leeward; but, were they furnished with sliding keels, there is 
no doubt but that they would have the advantage ove^ all the other 
English vessels. The Dutch, who bestow little pains in making their 
trading vessels sail, are nevertheless not totally unfortunate in this 
respect ; for when they are light, they sail fast before the wind, owing 
to their small draught of water. They have also other vessels built 
almost totally flat, such as pilot boats, yagers for carrying the first 
herrings to market from Shetland, and pleasure yachts. AH these have 
lee-boards, by the assistance of which they sail as fast as the generality 
of those which navigate the Northern Seas ; circumstances which are 
manifestly in favour of flat-^floored vessels and sliding keels. 

In regard to the sailing trim of a vessel, it is the decided opinion of 
most scientific men, that ships^or vessels of the larger classes should 
always be so constructed as to sail on, or nearly on an even keel, that 
is, so that the ship, when trimmed for sailing, should have her keel 
parallel to the surface of the water ; therefore by as mdch as th^ effort 
of the wind on {he sails and masts in fording the ship through the 
water has a constant tendency to depress the bow, so much should the 
ship be trimmed by the stem, as that will be found most advantageous 
both to their sailing and steering. 

Many think it inconsistent to construct a ship to skil on an even 
keel, and yet to place the midship-bend or greatest breadth very for- 
ward. A ship so intended to sail, ought, as they conceive, when 
bunched, to have an equal bearing fore and aft, which must, inevitably 
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strain the body of the ship. And yet, experience convinces us it is not 
materially detrimental ; for many ships, when launched, will swim 
four feet by the stern, more or less^ and yet when trimmed for sailing, 
they are found to go faster on an even keel, and receive little or no 
damage if carefully stowed. 

Some ships are too clean abaft, and reqiure to sail by the stem^; be- 
cause they have no bearing for fifteen or twenty feet from aft, till the 
buttock is brought well into the water ;. and even then, for want of 
being fuller lower down, when the sea leaves the buttock, the over- 
hanging of the stem will strain the ship, and occasion her to tremble, 
till the next sea, with redoubled force, strike the buttock as the stern 
is falling, and so shake the ship : in which case it will be well, if some 
parts of the masts be not carried away by the shock : however, this 
kind of motion must retard the velocity. This accident, though rare, 
is dangerous, and should be prevented in the construction of the ship. 

With respect to the ships that ought to sail $ome feet by the 
stern, on account of their insufficiency abaft, it is the opinion of many, 
that if a line were drawn to be well with the lower side of the keel, in 
the middle of the ship's length ; and half the difierence set up at the 
aft-part of the stern-post from the lower side of the keel, and that part 
of the keel and dead-wood were taken off, and placed under the fore- 
part of the keel, with the after-end that was before to be forward, so 
as to make the- lower part of the keel straight, as before, the ship would 
then sail somewhat faster, and be the better : for when a ship is 
brought so much down by the stern, the keel, not being parallel to the 
surface of the water, (to which the ship generally sails parallel,) must 
occasion a pressure at the under side of the keel, equal to the weight 
of water displaced by the breadth of the keel, and to the angle which 
the keel makes with the surface of the water in its own length. This 
may shew why so many ships, differently constructed, are found to sail 
best on aii even keel, although many of them were designed by the 
constructor ,'to sail by the stern. By that means the water-lines were 
drawn parallel to the keel, and were thereby more useful as well as more 
properly placed to form the body ; for when the square timbers, and the 
water-lines, being square to the timber, properly agree with each other, 
and are fair curves, the ribband-lines, or any other section, will like- 
wise be fair, or as fair as they should be, allowing the preference to the 
water-lines and square timbers. 

It is a point too well known to every person conversant in naval 
architecture to need explanation, how to the different constructions of 
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vessels will occasion a variance in the quantity those actually of the 
same measurement will carry. Ships built sharp forward and aft, lose 
a considerable portion of stowage ; while some vessds have the floor 
so straight throughout the whole of their length, that by looking down 
in the holds of one, and of the other, the difference ib easily discernible 
by the eye. For this reason it is impossible a true measurement e?er 
can be made ; and the assertion may.be regarded, perhaps, that not- 
withstanding aU which the respectable and learned men of different 
nations have written on the subject, no certain method will ever be di»» 
covered of ascertaining the true capacity of vessels, until they shall be 
built with greater resemblance to each other, even in the upper works, 
as well as in the lower part of the hull. It has frequently been 
observed by officers and others, who have had occasion to inform them- 
selves practically on the subject, that many ships of the same measure- 
menl will not take in hearly the quantity they are estimated to carry ; 
while others, exclusive of the quantity of goods or stores, which their 
constructors allotted to them, can receive a still additional cargo, and 
carry it with ease. It has been observed too, that if sharp-built 
vessels are at any time capable of containing the amount of their cal- 
culated tonnage, they are never able to carry it with the same ease 
that vessels of flatter construction are, inasmuch as their form forward 
and aft will inevitably occasion their pitching and shipping water. This 
inconvenience has been observed to proceed invariably from the cause 
just assigned ; for a sharp-built ship sinks under its cargo so fast, that 
by the time it comes to its bearings, it is frequently not nearly loaded. 
Those having flat and long floors, on the other hand, sink slowly ; and 
after having taken in the quantity they measure, will have, frequently, 
plenty of room, and remain high out of the water : so that it has hap* 
pened, not only that an additional cargo has been taken in, but that, 
when two vessels of the same measurement, though of contrary con- 
structions, have been laden at the same time, tlie flat-floored vessel 
has been enabled to carry, in all respects fitter for sea, what was 
necessarily rejected by her companion; and, after taking on board the 
whole of her additional cargo, still continued in the best «tate of trim. 
It appears, therefore, to be the opinion of many ingenious liaval archi- 
tects, and of Captain Schanck in particular, that one of the first 
desiderata in the improvement of the art of ship-building, would be to 
try experiments on the general use and introduction of long flat floors, 
which are supposed, by many, to promise, under certain regulations, 
the most extensive advantages. 
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The only objection that can be advanced in opposition to this 
system, is, the ioaptness of a flat-floored vessel to hold a good wind, a 
difficulty which may be instantaneously removed by the adoption of 
sliding-keels ; provided they are found, on more critical enquiry, to 
answer the intended purpose, without occasioning injury to the vessel, 
or material inconvenience to the manners. 

To return then to the examination of those . arguments which are 
adduced in favour of this new contrivance, it is, in the first instance, 
agreed as a preliminary, and the fact is certainly too obvious to admit 
of the smallest cavil, that vessels so built, must inevitably draw legs 
water than those of any other form. This being admitted it will be 
necessary to state the various advantages that have been experiments^ 
found to result from the encouragement of this system, and those 
whiph, in theory, may, in addition, be expected to be derived from it. 
The same principle which causes flat-floored vessels to sail &ster be- 
fore the wind, to carry a superior cargo, and draw less water, will 
operate with equsd force in rendering ^them easy at anchor. Expe- 
rience, and the occurrences of many years, prove that the North 
' Country-built ships, all of which have flat floors, and the Dutch flsh- 
ingrboats will ride at anchor, when the violence of the wind and sea 
would render it extremely dangerous, and, perhaps, impossible, for 
those of any other construction to persevere in the same measure. 
Their form, with the fulness of their body fore and aft, enables them 
to rise and fall, according to the lift of the sea, with the greatest ease 
to themselves; while, on the co^ntrary, sharp, and, as they are com- 
monly called, clean built ships, pitch with the utmost violence, 
frequently with such force as to endanger the instantaneous loss of all 
the masts ; to say nothing of the strain which the suddenness of the 
tremendous jerks must give the hull, and the injury the anchors and 
cables are in momentary danger of experiencing from the same cause. 
Captain Cook, whose practical knowledge in navigation, and the pro- 
perties of a vessel, stood, perhaps, inferior to that of no person in the 
world; gives a decided preference in fevour of the flat-floored vessel, as 
being best calculated for a distant and perilous voyage, in consequence 
of her peculiarly possessing those valuable properties just enumerated. 

In 1663, Sir William Petty constructed a double ship, or rather a 
single ship with a double bottom, which was found to sail considerably 
faster than any of the ships with which it had an opportunity of being 
tried. Her first voyage was from Dublin to Holyhead ; and in her 
retutn, '* she turned into that narrow harbour against wind and tide, 
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among rocks and ships, witli such dexterity, that many ancient sea- 
men confessed they had never seen the like." 

This vessel with 70 more were lost in a dreadful tempest This 
subject was again revived by Mr. Gordon, in his principle of Naval 
Architecture, printed at Aberdeen, anno 1784; where, having ddi- 
vered his sentiments on the construction of large masts, he says : 
<< These experiments likewise point out to us methods by which two 
vessels may be laterally connected together, though at a considerable 
distance from each other, in a manner sufficiently strong, with very 
little increase of weight or expende of materials, and without exposing 
much surface to the action or influence of the wind or the waves, or 
obstructing their motion in any considerable degree, and consequently 
without being much opposed by them on that account under any cir- 
cumstances ; and if vessels are judiciously constructed, with a view 
to such a juncture, it would be no easy matter to enumerate all the 
advantages that may be obtained by this means.'' He then enumerates 
the advantages, that double vessels would have over those of the 
common construction. Soon after double ships were actually built 
by Mr. Miller, of Dalswinton. -* 

Another plan was proposed by Mr. Gordon, to make a ship sail 
fast, draw little water, and to keep a good. wind. For this purpose, 
" the bottom (he says) should be formed quite flat, and the sides made 
to rise perpendicular from it, without any curvature ; which would 
not only render her more steady, as being more opposed* to the water 
in rolling, but likewise more convenient for stowage, &c. while the 
simplicity of the form would .contribute greatly to the ease and expe- 
dition with which she might be fabricated, Though diminishing the 
draught of water is, of all others, undoubtedly the most eflectual 
method of augmenting the velocity with which vessels go before the 
wind ; yet, as it proportionally diminishes their hold of the water, it 
renders them extremely liable to be driven to leeward, and altogether 
incapable of keeping a good wind. This defect may, however, be 
remedied, in a simple and eflectual manner, by proportionally aug- . 
menting the depth of keel, or, as so large>.a keel would be inconve- 
nient on many accounts, proportionally increasing their number ; as, 
in place of adding a keel eight feet deep, to a vessel drawing six 
feet water, to affix to diflerent parts of her flat bottom, which would 
be well adapted for receiving them, six diflerent keels of two feet 
deep each at equal distances from each other, with proper intervals 
between, which will be found equally eflectual for preventing these 
pernicious eflects. Four such, indeed, would have answered the 
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purpose as well as the eight feet keel, were it not for the supeiior 
pressure or resistance of the lower water." « 

Thus then it appears, that a vessel drawing eight feet water only, 
keels and all, may be made to keep as good a wind^ or be as little 
liable to be driven to leeward, as the sharpest bmlt vessel of the same 
length drawing 14, nay 30 or upwards, if a few more keels are add^^ 
at the same time, that she would be little more resisted in moving in 
the line of the keels than a vessel drawing six feet water only. These 
keels, besides, would strengthG^ the ves^l considerably, would rend» 
her more steady, and less liable to be overset, and thereby enable her 
to carry more sail; and Mr. Gordon then enumerates the seversU 
advantages that a ship of this construction will possess. 

This plan has lately been put into execution by Captain Schank^ 
with thi^ difference only, that instead of the keels being fixed as pro^ 
posed by Mr. Gordon, Captain ScKank constructed them so as to 
slide down to a certain depth below the bottom, or to be drawn up 
within the ship as occasion might require. 

Captain Schanjt having communicated his plans to the Navy Board, 
two vessels were in consequence ordered to be built of 13 tons each, 
and similar in dimensions, one on the old construction, and the other 
flat-bottomed, with sliding keels. In 1790 a comparative trial in 
presence of the commissioners of the navy was made on the rivier 
Thames, each having the same quantity of sail ; and although the 
vessel on the old construction had leeboards, k greater quantity of 
ballast, and two Thames pilots aboard, yet Captain Schank's vessel 
with three sliding keels beat the other vessel, to the astonishment of 
dl present, one half of the whole distance sailed ; and no doubt she 
would have beat her much more had she been furnished with a Thames 
pilot. 

This trial gave so much satisfaction, that a king's cutter of 120 
tons was immediately ordered to be built on the same construction, 
and Captain Schank was requested to superintend its building. This 
vessel was launched at Plymouth inl 791, and named the Trial. The 
length of this vessel is 66 feet, bi'eadth 21 feet and depth of the hold 
7 feet : her bottom is quite flat ami draws only bix feet water, with 
all her guns, stores, &c., whereas all other vessels of her tonnage on 
the old construction draw 14 feet; so that she can go with safety into 
almost any harbour or creek. She has three sliding keels inclosed 
in a case or well ; they are each 14 feet in Ictngth ; the fore and the 
after keels are 3 feet broad each, and the middle keel is 6 feet broad.'^ 
Tlie keels are moveable by means <if<liwiilch^ and may be let down 
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7 feet below the real keel ; and they work equally well in a storm as 
in still water. Her hold is divided into several compartments, all 
water-tight, and so contrived, that should even a plank or two start 
at sea in different parts of the vessel, she may be navigated with the 
greatest security to any place. If she should be driven on shore in a 
gale of wind, she will not soon become a wteck, as her keels will be 
driven up into their cases, and the ship being flat- bottomed, will not 
be easily overset ; and being able to go into such shallow water, the 
crew may all be easily saved. By means of her sliding keels she is 
kept steady in the gpreatest gale ; she is quite easy in a great set, 
does not strain in the least, and never takes in water on her deck; 
and when at anchor, she rides more upright and even than any other 
ship can do : she sails very fast either before or upon the wind ; no'A 
vessel she has ever been in compslny with, of equal size, has been 
able, upon many trials, to beat her in sailing ; and yet her sails seem 
too small. 

The use of sliding keels is known by actual experience to be of the 
greatest importance. In fresh breezes, or in light winds, it b totally 
immaterial how much sail is set, or how it is disposed ; since the act 
of raising or lowering the keels will immediately counteract the in- 
<^nvenience that might otherwise arise from carrying too much sail, 
either forward or aft The most trifling practice will render the na- 
vigators perfectly acquainted with their use, and the easy steerage of 
this ship will convince him of their advantage. In a gale of wind it 
is necessary that the main and fore keels should be hauled close up» 
and the stem keel let down to such depth as shall be found necessary 
to make the vessel steer perfectly easy. , 

The inventor expresses himself as absolutely certain, that in case 
the very plain and simple instructions last given are carefully followed, 
no misfortune, similar to that of broaching to, can ever befal a vessel 
furnished with sliding keels. ** How pleasing," he observes in the 
latter part of this description, *' must be the reflection in the minds of 
all persons on board, that they are strongly and unassailably guarded 
from the mtervtBnti6n of such an incident ; but more especially how 
tranquil, under such a recollection, must be the mind of him to whom 
the safety of the ship, and the lives of the people on board, is com- 
mitted ; whose memory may suffer from an accident, which neither 
his prudence nbr his courage could foresee or prevent, and to which 
he himself falls the unfortunate unerring victim. ' 

To pursue the details still further : vessels furnished with two or 
three sliding keels will tack with far greater readings than those which 
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are destitute of (hem; because the fore and 8tern-nK)st keels have 
each of them an effect on the vessel, very little inferior to that of the 
rudder itself. In working therefore to windward, or in a narrow chaii* 
nel where there is little room, a vessel' inay venture to stand much 
nearer to the shore than she otherwise would do, being certain of not 
missing stays. The measures recommended to be taken in putting 
about, are, to haul up the stem-mast, and immediately to let the fore- 
keel completely down, putting the helm a-lee at the same instant, the 
ship will come round almost incredibly fast; so that instead of that 
sloth, if the term be allowed, with which the yards of a vessel going 
about, may frecfuently appear to be worked in the eyes of those who 
are unacquainted with the art of navigation, it requires no inconsider- 
able share of alertness in the people to trim the sails sufficiently quick, 
particularly in a fresh of wind. The fore keel being hauled up as 
soon as the ship's head is brought to the wind, it is ready to prevent, 
as is generally the case with square-rigged vessels, any falling off, 
which occasions the loss of an infinite deal of time : the instant there- 
fore that tlie sails are full, the fore keel being lowered down, will not 
only prevent any inconvenience of the kind just mentioned, but will 
cause the vessel, ieis soon as it gets any headway, to fly to, with as much 
alacrity as if going about; insomuch that some care must be taken to 
prevent the vessel from coming round, by trivially raising the fore keel, 
as soon as the head is brought in a position to lay the proper course. 
The use of the sliding keel is equally advantageous in wearing as 
in tacking. The measures recommended to betaken are, reversing 
those of thq former operation, to haul up the fore keel, and lower 
down the stemraost ; or, if it is required that the weight should wear 
round quick, it will be necessary to haul up the miun keel also, and 
the ship will turn almost as though it were on a pivot, the rudder be- 
ing at the same time made use of in the customary way. The reason 
of the effect produced by the operation just described, will become 
immediately obvious, on the slightest consideration of the acting prin- 
ciple. The fore as well as main keels, being hauled up, and'^the stem 
keel down, the latter acts in some degree as the mdder itself, and has 
a tendency to prevent the vessel from fore-reaching. The effect of 
the after keel, during this operation, is similar to that which would 
be produced by a rope made fast in the stem in the tideway : the mo- 
ment the hawser or cable, which had previously kept the head of the 
vessel to the current, is cast off, the stern would naturally swing 
round, and take the same position. Or, to proceed with stating ^ paral- 
lel case, if a vessel drawing more water abaft than forward, should 
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chance to. take the groimd, and her bows, or fore-bbdy, be afloat, the 
head will immediafdy swing round, as it were to oppose the current 
or tide. 

By the tonnage of a ship, is meant to convey the idea of the weight 
of the cai^o she is intended to carry from her light to her load- water- 
line, or seat in the water when best equipped for sea. It may also be 
called the ship's real burthen. Therefore, to ascertain the true bur- 
then or tonnage by calculation, is a question of equal importance and 
difficulty, as preceding displacement, drc. 

It is of importance, because it is by this that the merchant or 
freighter judges of the fitness of the ship for his purpose; and 
dthough customary rules are given for computing the tonnages of 
ships, the bare inspection of them will prove how futile they are. It 
would be very difficult to fix upon any general rule whiclt shall be Very 
exact, because it depends not only on the cubical dimensions kA the 
^ip's bottoms, but also on the scantling of her whole frame ; and, in 
short, on the weight of every article to complete the said ship ready te 
receive on board her cargo. The weight of timber is vaiiable ; the 
scantling of the frame being no les? so. 

The following rules for computing the tonnage of a ship are com- 
monly adopted and made use of between the contractor and the builder, 
at a certain rate per ton for the building, and will be found to be quite 
unconnected with the above definition of a ship's tonnage ; for as the 
depth is out of the question, the contractor finds a saving in less 
breadth and. great depth, which make against stability, and con- 
sequently injure the velocity : on the contrary, great breadth and less 
depth will be found more advantageous to the builder : thus are t^ 
interests of the two parties oppositely concerned in the result, afid 
both, when carried to the extreme, are exceedingly injurious to the 
construction of vessels. 
The general rules observed for measuring the tonnuge 0/ ships in the 

Royal Navy and the Merchants* Service, 
: Let fall a perpendicular from the fore-side of the^tem, at the heigjiKt 
of the upper deck, or middle deck, in three-deck ships, and ano^et 
perpendicular from the aft-side of the main-post, at the height of the 
wing-transom. In merchant-ships, the foremost-perpendicular is let 
fall from the fore-side of the stem at the height of the wing-transom. 
From the length between these perpendiculars, deduct three-fifths of 
the extreme breadth, (that is the thickness of the bottom plank on each 
side added to the moulded-breadth,) and likewise as many 2 J inches 
as the wing-transom is above the upper edge of the keel, and the 
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femainder is reckoned the length of the keel for tonnage. 

Then multiply the length of the keel for tonnage by the extreme 
breadthy and that product by half the extreme breadth ; then dividing 
by 94, the quotient will be the burthen, in what may be denominated 
builder's tonnage. - 

Calculation of the burthen in tons of a 74-gun ship, according to 
' the common rule. 
Length from the fore-side of the ston, at the^ 

height of the upper deck, to the aft-side of the f ^***- Inches, 

main-post, at the height of the upper side of^ ^^? ^i 

the wing-transom . . . r « . . . • J 

Ft. In, 
Three-fiftlis of the extreme breadth is . . 29 2} 

The height of the wing-transom is 26 feet^ 

10 inches^ which produces for every 2J > 5 6| 
inches .1 

34 9J 34 94 

Length of the keel for tonnage . . . . . . . 148 

Multiplied by the extreme breadth ...... 48 8 

7202 8 
Multiplied by half the extreme breadth .... 24 4 

. Divided by 94 175248 

fiurthen in tons according to the common rule . . 1864H 

Estimate, showing the real burthen of the lA-gun ship^ 

Tons, Pounds. 
The weight of the ship at the launching draught of ) 

water . ) ^^^^ ^^^^ 

The weight of the furniture, including the sheathing 204 1040 

The weight of the ship at her light-water mark . , ] 582 998 

« ■ . . ■■ 

The weight of the ship at the load- water-mark . . 2829 175 

From which deduct the weight at the light- water-mark 1 582 998 

Real burthen 1246 1417 

Burthen in tons, according to the common rule . . 1866 762 

Difference 617 1585 
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The centre of gravity of a ship, supposed homogeneous, and in a 
state of equilibrium is in a perpendicular section, passing through the 
keel, and diriding the ship into two equal and similar parts, at a cer- 
tain distance from the stem and altitude above the^keel. 

To ascertain the centre of displacement, or centre of gravitj, of dM 
imnerted part of a ship's bottom, in a state of equilibrium, begin by 
determining the centre of gravity of the upper horizontal section, or 
w«t»-line; and as Ihe two sides are equal and rimilar, the middle line 
may be considered as the axis of the equilibrium, in which the centre 
of gravity of that surface is to be found ; and as the surface of the 
upper water-line, and so of the others, has been already divided into 
equal parts, and the breadths taken at the several timbers or ordinates 
to find the displacement, we have only to observe that the spaces be- 
tween those timbers are here considered as so many paraUelograms, 
the centres of gravity of which parallelograms will form a system dis- 
tributed on the middle line. 

Then to find the centre of gravity of the system, in respect to the af^- 
side of the rudder, which is assumed for the first term of the momenta, 
we need not find the centre of gravity of each parallelogram, but di- 
vide the whole surface into three sections, and multiply their sums, as 
before, by the distance between the ordinates, and the product will be 
the area of each section. 

Then to obtain the sum of the momenta of all the elementary parts 
of the surface, multiply the breadth of each ordinate into its distance 
from the axis of the momenta, or first ordinate ; then take the sum of 
all these products, and, by multiplying this sum by the distance be- 
tween the ordinates, we shall have the sum of all the momenta of the 
elementary parts of the surface ; which, divided by the sum of the 
ordinates, will give the distance of the centre of gravity of the whole 
surface from the axis of the momenta. 

' Lastly, the areas of the several planes or surfaces, and their mo- 
menta, being found, divide one by the other, and the quotient will be 
the distance of the centre of gravity of the whole section from the tAr 
side of the rudder. 
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Our previous notices have extended almost exclusively to the fonn 
oF the Teasel, we mtiy notice the preparation of the timbers. 

Mr. Hookey hts invented a mode of bending the timbers of a large 
vessel which {woraises to be of great practical utility. It is intended 
principally for the preparing of ttOM-timbers, futtocks, breast-hooks, 
long riders, beams, and knees. 

In the bailding irf a seventy-four gun ship on Mi. H's plan, a 
saving will be made of about fifteen hundred pounds, and a general 
saving to the country of fifty thousand pounds per annum, in ship 
and boat biulding ; and this is not the only advantage as the present 
mode wilt give a constant supply of timber, which cannot otherwise 
be obtained. 

The timber is first sawn down 
to the middle, as far as it is to 1)6 
bent, as shewn by the line in 
thedifierent timbers, which great- 
ly increases the power of bending 
it, and permits ^e one part 
slide over the other, so as 

lessen the tear of the different 
pans ; which-aie aHerwarda-se- 
<ured together by bolts passed 

through them, and may be still 

farther stifiened, by additional 

pieces let into theto. 
The annexed engra^ng afTords 

an opporttmity of showing ihe 

handspikes orlevers placed in (he 
. holes ia capstans, by the joint 

action of Which the timbers are 

forced into the requisite curves, 

to suit which the blocks must 

be previously arranged, as well 

as the beams which support 

thrai, and which arc so ma- 
ntled as to fonn buttresses to 

prevent the blocks from sbifiing 

dieir places, in the act of bend- 
ing the timbers ; and the whole 

is securely united together by 

iron bands. 
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A slip being provided, the blocks on which the keel is laid are usu- 
ally about five feet asunder. Each block is laid upon a ground-way 
in the middle of the slip, unless a smaller vessel is intended . to be 
built where the launch has been laid for a large ship. In this case, by 
keeping the blocks towards one side, the sliding-planks may be pre- 
served for that side. 

The blocks, being the foundation of the whole, must be very care- 
fully fixed, and their upper surface to a declivity of five-eighths of ai 
inch to every foot in the length, observing that there may -be water, 
ehougn to launch the ship into, and keeping them high enough at the 
fore-part to clear the fore-foot of the ground- ways in launching, and ta 
admit of the sliding planks to be laid with a decUvity of about seven- 
eighths of an inch to a foot. 

The caps, or upper blocks, should be more in depUi than the false 
keel ; arid they should be clear-grained oak, that they may split ou* 
the easier when the false keel is put under. 

The upper sides of the blocks are made straight fore and aft, and 
level athwartships ; sometimes the after-blocks are raised above a 
straight line, as the great weight of the stern and overhanging gene-, 
rally settle in building. ^ 

The keel is generally elm, sawn straight and square, and is scarfed 
together with coaks, with tarred flannel between each scarf, which are. 
firmly bolted together and calked. 

The rabbet for receiving the plank of the bottom may be trimmed, 
out, leaving about a foot at each end of the scarfs, for the better calk- 
ing the butts. In the navy, the rabbet is lined parallel to the upper 
side of the keel to the thickness of the bottom plank ; but in most 
merchant-ships, the rabbet is taken out of the middle of the keel, to 
prevent its canting, should the ship take the ground. The keel is set. 
fair and straight along the middle of the blocks ; and, to keep it in that 
position, tree-nails are driven along its sides into the blocks. 

Dead or rising- wood is of oak timber, and fayed upon the upper side 
of the keel. The pieces along the mid-ships are of a parallel thickness, 
and in breadth to overhang the keel about two inches on each side^ , 
The dead-wood afore and abaft, for the security of the .half-timbers, id 
as high as the cutting down. This part of the dead-wood below the 
steppiug-line is trimmed to the shape of the' bbdy, and above the 
stepping, perpendicular to the size of the keelson. The scarfs or butts 
of the dead-wood should give scarf to the butts of the keel, and to 
each other. . 

The stem is composed of two or more pieces of oak-timber, of the ' 
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best quality, as shifting it is very expensive. It is sawn to its siding 
and mouldings then trimmed and scarfed together as the keel, and the 
rabbet taken Out likewise. 

On the stem should be marked, from the mould, the heights of the 
harpins, decks, cheeks, &c. and a line square from the keel, and 
a middle line as a guide to set it by. 

Apron is also oak sawn to its siding and moulding, aiid fayed to the 
aft-side of the stem, to succour it at the scarfs, which are bolted 
through the apron, observing to place the bolts within the rabbets. 

Bollard-timbers are oak sawn to their siding and moulding, their 
heads in wake of the bowsprit to be left the thickness of the plank in- 
side and out ; they are fayed and coaked to the sides of the stem and 
apron, and bolted through, when practicable^ observing to place the 
bolts clear of the deck-hooks. Sometimes oak fillings are fayed be- 
tween the stem and bollard-timbers to keep them more open in wake 
of the bowsprit. 

Hawse-pieces are oak sawn to their siding and moulding, and are 
fayed to the bollard-timibers, and to each dther, in. wake of the hawse- 
holes, and are opened above and below the hawse-holes^ fot the admis- 
sion of air, to about one inch and a half. When in their places, they 
are iO be bolted to the bollard-timbers, and e^h other, clear of the: 
hawse-holes and breast-hooks. Let it be observed, that the hawse- 
pieces should be so disposed as to be equally cut by the hawse-holes. . 

Stern-post is oak sawn to the siding and mouldings and should be 
provided for the top, and to work upwards, if to be got. The rabbet 
is trimmed out on each side, to receive the plank of the bottom, to the 
shape of the body ; and a tenon left on the heel, . one-tliird the depth 

of the keel. 

Inner-post is oak sawn to a parallel breadth, and sided, as the shape 

, of the body may require^ below the head : it is fayed to the fore-side 

of the stem-post, and a tenon is made on the heel as on the main-post, 

and the head left long enough to tenon an inch into the transom next 

above it. 

Transoms are oak sawn to their siding, whether rounding upwards 
or straight; and to the moulding by their respective moulds. The 
wing-transom, if sawed only to the margin bevelling, may be brought 
in for other uses, if found defective: for transoms require much trouble 
and expense to shift them ; the quality pf the timber ought, therefore, 
to be of the best, and quite free from any defect whatever. In ccm- 
vertmg the transoms, let care be taken to work them top and butt 
alternately. 



^ 
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The transoms are to be trimmed witb^the greatest nicety, and then 
let on the post, with scores on each side of about an inch ; observing 
the greatest exactness in letting them down, and that they stand at 
right angles with the middle line on the post. The ends, when cut off 
to the mould, are left one inch and a half longer, to tenon and face on 
to the aft-tides of the fashion-piece. . The ends may be opened or 
mouthed, to admit the air. 

Fashion-pieces are oak sawn to their siding, then the mouldings and 
bevellings ; and, when trimmed, let on to the ends of the transoms, in 
^e manner already described. 

Frame-timbers are oak sawn to their siding, straight, and out of 
winding, then moulded and sawn to their respective bevellings, except 
the cant-floors, which are sided to their proper cant. 

The frame -timbers should be made out of sound well-grown timber, 
without sap or vein appearing in wake of the ports, and sawn full to 
their sidings, so that their scantling may remain after the ports are 
trimmed out. Every timber should also be provided to its length, con- 
sequently each should stand upon its proper head ; or if one timber 
happens to be short, provide the next long enough to make good the 
deficient length, as through-chocks should always be rejected, or only 
admitted on extraordinary occasions. The heads and heels of all the 
timbers to have one-third of the substance left the moulding way, when 
trimmed ; and the seats of the chocks should not exceed once and a 
half the sliding of the timber. 

In providing the floors, care should be taken to reverse the butt end 
of each succeeding floor, because the tops may sometimes be sc^ty ; 
and, when short of the floor^head, may be admitted, if Uie second fut* 
tock runs down and meets upon its respective floor. 

All floors are required to have sufficient wood to seat themselves on 
the dead-wood, and the throats to run up to the cuttmg-down or un- 
der side of the keelson ; than any wood wantrog below the sesiling may 
be made good by a chock. 

The floors, when correctly trimmed^ are let down into scores cut in 
the dead-wood, to the exact height of the cutting down from the upper 
edge of the rabbet of the keel, in their respective situations ; set pre- 
cisely level, and at right angles with the middle line of the keel. The 
floors are then ribbanded and shored, securing the shores at ^e head 
and heels to prevent any alteration ; for the truth and precision of the 
whole fabric may be said to depend upon the accuracy of the floors, 
when* got into the ribband. ^ - 

The several futtocks are trimmed straight, and out of winding 
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on the joint side ; and the lower futtocks in the navy run down to llie 
gidex)f the dead-wood, but in mer(^ant-ship0 they are IronI nine to 
twelve inches short of the keel, that water, may not Uedk>v8 the cei- 
ling. The wood wanting on the insiide of the lower futtocks, in the 
navy, is made good by cross-chocks up to the cutting-down. 

The timbers that compose a firame, or bend, are bolted together, 
either close or opened, as required ; the joint-side of the second futtock 
^ to the joint-side of the lower futtock, to the middle of ils length or 
scarfing, and bolts thereto with three bolts of square iron. The keel 
of the third futtock join» the head of the lower futtoek; and bolts, as 
the former, to the second futtock ; the heel of the fourth futtock joins 
to the head of the second futtock, and bolts to the third ; and (he heel 
of the top'4imbel: acarfs on the head of the third futtock, and is bdted 
or fastened with three nails to the fourth futtock, taking care that no 
bolts are driven in wake of the ports or port-fills. 

They are raised into their places by sheers and tackles, and gn^t 
care should be taken that the fi^ame be not strained in hoisting, as its 
fodrm would be altered, and of consequence the true idiape of the body 
lost ; to prevent which, the joints of the chocks and heads are secured 
by nailing quarter over them, and a shore fitted cm the inside or bag of 
the frame. 

^ The fmmes, ae hoisted, soe kept to their true breadth, and equally 
distant from the middle line, by the cross pales^ which are nailed at the 
main height of breadth, or in the ports ; the latter is preferable, if not 
thought too high, because the ends need not be cut, and they may re* 
main till the ship is planked, and the beams in and kneed. 

The frames are next ribbanded thus : the cant-frames may be got 
near to their stations by the harpin-moulds, then the hacpins got 
up ; andf if the fram^ come fair, may be nailed and shored tx> their 
«innark0. 

Tht square- frames, corresponding at the fioor-sirmark jor guide, 
must b^evelled, and the joints set at right angles wilii die middle line, 
observing that the spacing of (iie ports agrees. The ri^»hds may 
then be nailed and shored, and the lower i&ittocks bolted to the floors. 

Fiiling-timbcm, or the timbers between die frames, are trimmed and 
hoisted into their places sqMirately ; then equally pfawMsd asunder, and 
^aaitod to Ibe ribbands ; then diocked at their heads and heels, and 
iskt^ whole firame dubiied ifaiir inside and out to its scantling for planking. 
Keelson is oak sawn to its siding aoad depth, or moulding, then fayAd 
jKk»og di^ fiuddle of Ite floors, and bolted through every floor and the 
toel, #ith three w more douTs on each scarf, which shoe^ give as 
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much shift as possible to the scarfs of the keel. For some years a 
three-inch oak has been fayed upon the upper side of the kedson, and 
the bolts driven through that likewise. 

Stemson is oak sawn to its hiding and moulding, then trimmed and 
fayed to the apron, and scarfed with a hook or douls into the ibre-part 
of the keelson. The bolts through the breast-hooks must be consi- 
dered, and one or two bolts may then be driren through betweoi them. 

Stemson-knee is oak sawn to its siding and moulding, then trinuned 
and fayed against the transoms and upper side of the dead-wood, and ' 
scarfs with a hook, or douls into the after-rpiece of the keelson. It is 
bolted to the transoms and stem-post as the keelson, of which it is a 
continuation. 

Wales are next wrought, and the thick-stuff below them ; they 
should be fastened with dumps only for the present, as the tree^nail 
holes, which are double and single alternately in every timber, and 
should be left as long open as possible, for the admission of air. A 
doul in the timber next each butt in the wales, in the strake above and 
below it, has been lately introduced in the navy, as an additional secn- 
rity. The wales and diminishing strakes are then dubbed down fair, 
and large cleats nailed at the fore part of every port, to which the shi]» 
is substantially shored. 

Planking. — ^The bottom b next planked down sufficiently low to 
work the orlop-clamps. ** 

Iiiboard-clamps, thick-stuff, &c. — ^These are wrought similar to the 
outside stuff above. The clamps to the sheer of the deck, and their 
upper sides to the round-up of the beam, and the lower edge, square 
to the timbers, unless they woik down to the ports ; then, in wake of 
the ports, the lower sides are trimmed level, and between the ports 
square to the timbers. Clamps over ports are bearded from half their • 
depth to one inch less in thickness on the under side, excepting over 
the ports, where the Wood is left on, for the muzzles of tl^e guns to 
house to ; and the butts are douelled as the wales. 

The thick-stuff is to be wrought with a square close edge over the 
Joints of the timbers ; and the spirkittings are to have a seam allowed, 
agreeable to the thickness with the outside stuff, which should be a 
full sixteenth t6 every inch in the thickness. 

Beams are sawn to their siding, and to the moulded depth square to 
the siding. Beams of two, three, or four pieces, the middle pieces 
may be fir, excepting in the hatchways. 

Beams in two pieces have a scarf one-third the whole length of the 
beam. Beams in three pieces have the middle pieces and the end 
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pieces each half the length of the whole beam, the middle haying a 

scarf each Way to take the arms. Beams made of four pieces have two 

; middle pieces, each similar to the former : the arms and middle pieces 

. are each to be in length three sevenths of the whole length of the 

- beam. 

Beams are either tabled or douelled, and bolted together at the 

. scarfs: if tabled, the lengths of the table are once and a half the 

. quoulded depth in length, and divided at the middle of the depth; and 

* where the wood is taken out on the upper side, it is left on the lower 

. side, and so alternately ; taking the wood out on the upper side at 

the table next the butt, as it will the better hang and support the lip. 

'At each lip, beyond the tables, is a coak about six inches long ; and 

next to that is- a straight lap, about the same length. 

The beams, when cut off to their length, have their ends mouthed 
and charred, and then are let down about one inch mto the clamps, at 
their several stations, at right angles with the middle line ; keeping 
their upper sides out of winding with the beam line. 

Knees. — ^The beams, at their ends are connected to the sides by 
knees, or other substitutes for knees. The knees are sawn or trimmed 
' tfi their siding, and fayed to the side, taking as little wood as possible 
out of the throat the moulding way, as the greatest strength of the.knee 
is. there, Each knee. tapers towards the tpe to. which it is sided; and 
the substahce in the throat should be about twice and a half the siding, 
and not to admit of any chock that would reduce the knee at any part 
less than the siding. , 

Each knee should have two douls in the beam-arm, and from three 
to four bolts ; and the two upper bolts in the side-arm of the. hanging- 
ki|e6s should be.kept up as high as possible, and the others equally 
spaced to the toe, and bored as square to the side as the seams outside 
will allow. 

In those parts of the ship afore and abaft, where wooden knees can- 
not be procured of kindly growth, (for upon that depsnds the strength) 
knees of irou are generally placed. These, although much used, par- 
ticularly in merchantrships, cannot be so fully depended upon as 
.those of wood, because they cover less surface, are no wise flexible, nor 
can the bolts be driven so tight in iron as in wood. If, therefore, the 
•ship strains^ they must inevitably work; loose. Again, the holes must 
.be bored in the direction in which the knees are punched, so that 
.where iron knees are intended to be placed, oak fillings should be 
driven between the timbers ; otherwise the bolts may come in the open- 
ings, which is inadmissible. . Besides this, the bolts may come in the 
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seams of the outside plank ; when it so happens, the beat way is to cut 
out a piece, and clench the bolt upon the timbeia. 

Bolts in wooden knees are mostly driven from the outeidey and 
clenched npon the knees inside ; but ^Its in iion knees aie dman 
from the inside, with collar or stout heads, because upon the head ex- 
pends its fostening; or if the bolts be of copper, they must hawe a ring 
under the head, and the head spread or nude large in driving. All 
bolts driven from the inside shcmld be carefuBy clenched upon a ring^ 
let flush into the plank, by means of a machine or centce-bitt for diat 
purpose, and the points under water carefrdly calked alter the ring 
is let in. 

Wooden knees having become scarce for some years past, many 
substitutes have been attempted ; and iron knees, or rather knees 
formed of iron and wood conjointly, are certainly bes£ when properly 
applied. 

Standards, either on the deck or to the sides of orlop beams, are so 
similar to knees, as to require no further description. 
^ Breast-hooks, steps, and crutdtes, are oak sawn to their sidings, 
then moukied. The deck-hooks are &yed to the timbers, the others 
to the inside stuff. The holes for the bolts arehored alternately, ne^r 
the edges, equally asunder, and square with the body. Breast-hooks, 
steps, and crutches, are asfjsted in the moulding by chocks ; md the 
deck-hooks may be assisted 6y large eakings worked behind than. 
All the chocks, &c. axe douelled or tabled, and ought on no accotait 
to have less wood or substance than their siding, clear of the chock. 

Riders are oak sawn to their siding, moulding, and bevdling; then 
fayed to their respective places, as follows. 

Floor-riders in two pieces have a cross-chock fayed over the-faeels, 
with a hook and butt scarf ; their heels run down to the limberHSlraike» 
and the heads run upwards between the joints of- the floor-heads and 
first futtock heads. 

First futtodc-riders fay close ^ the sides of the floor-rideis, and 
their heels extend downwards, within four feet of the keelson ; their 
heads run upwards beween the joint of the first futtock-head and un- 
der side of the orlop-beams, with a cross-chock &yed oyer the heels as 
the floor-rider. 

Second frittock-riders fay close to the sides of the first fnttock- 
riders, and scarf with a hook-scarf under the head of the floor-ridera, 
or connect i^ereto with a chock. • Their heads run up within two 
inches of the under side of the gun-deck beam, and are sawn with i^ 
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swell at the orlop^beasn^ to whtdh tbey tail tideways ; and they bolt 
throng the beam and the adjoining ridert tee and aft. 

The hull of thefessel, with refeeenceto the labours of the shipwright 
b^ng thus fiur ccmsideiied, we may now briefly notice the launchy winch 
is usually a period of much inistle and actiTe preparation. 

To &cilitate the operation of launching, the ship, when she is first 
built, is supported by strong plalibmis, laid with a gradual incitnatioii 
to the water; on the opposite sides o£ her keel, to which they aie 
parallel. Upon-the surfiftce of this declinty are placed two correspond- 
ing ranges of planks,, which compose the base of a frame, called the 
cradle, whose upper part envelopes the ship's bottom, to which it is 
securely attached. Thus, the lower surface of the cradle, oonforming 
exactly to that of the frame bdow, lies flat upon it, lengthways, under 
the opposite sides of the ship's bottom ; and as the former is sntaided 
to slide downwards upon the latter, icarrying the ship along with it, the 
planes or &ces of both are weU daubed with soap and taUow. Hie 
necessary preparations for the launch being made, all the blocks and 
wedges by which the ship was formerly supported, are driven out from 
under her kedi, till the whole weight gradually subsides upon the plat- 
forms, which are accordingly cailed ihe ways. The shores and 
stanchions, by which she is retained upon the stocks till the time of 
launching, are at length cut away, and the screws applied to move her, 
if -necessary. The motion usually begins at the instant when the 
shores are cut, and the i^p slides downward akmg the ways, which 
are generally prolonged under the surface of the water to a suiBicient 
depth, to float her as soon as she arrii/«es at the farthest end thereof. 
When a ship is to be launched, the ensign, jack, and pendant, are 
always hcMlsted, the lastbdng displayed from a staff erected in the 
middle of the ship. Ships of the first-rate are commonly constructed 
in dry-docks, and afterwards- floated out, by throwing open the flood- 
gates, and suflering the tide to enter, as soon as they are finished.* 



* Docks are of Tarious kinds. — 1. Basins, or docks open to the tide, are 
called dry-docks, because I3ie vessels frequenting them ground at low water, 
and lie dry on the.ebh tide, and float again on the next rise of the tide. They 
are used at liverpool as entrances to the wet docks, and ar^ frequented by 
coasters, and small or light Tessels, that do not injure by lying on the shore. ' 

2. Graving docks, for repairing of ships, are excavations with flood-gates 
pointed towards the tide, to keep the water out while ships are under repair. 
Vessels are admitted at high Water ; and the gates are shut at low water j and 
when the repairs are completed, the gates sre again opened before the rise of 
the tide, and the vessel is on the flood hauled out of dock. In some omintries. 
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A ship, when launched from the stocks is furnished with one stream- 
anchor^ and another which is termed a launching-anchor, somewhat 
heavier than the stream-anchor, hanging hy stoppers to the cat-heads ; 
I by one or both of which she is first brought up, and afterwards warped 
"to her ** head and stem moorings/' which are as follows. Across the 
: bottom of th^ harbour or river, two qhains, parallel to each other, if 
the bed of the river will admit of it, are extended at the distance of 200 
> feet from each other, by means of anchors, having only one fluke, 
which is sunk, and secured in the ground by piles, on the opposite 
' sides, near low water-mark. To the rings of the anchors these chains 
. are attached by a peculiar sort of link, called a *' shackle.'' Each of 
•these chains has, at about one- third of its length, a large iron ring, to 
which is fastened a chain, called an ^' up-and-down span ;" which, 
lying on the ground, connects the parallel chains, and serves to keep 
them steadily in their places.. At about 30 or 40 feet distance from 
each other, along each chain, chain-pendents, from five to nine in 
number, aire fastened, having, at the end which connects with the 
ground work, a shackle ; and at the other end, a link called a ** Jew's- 
harp,*' through which the bridle or hawser of a ship, when moored is 
passed. The centre chain-pendent is fixed to the ring of the chain ; 
and the number of the chains must depend upon the nuinber of tiers 
required, each tier occupying two chains, because the ships are moored 
head and stem. But every tier does not always occupy two whole 
chains; because, unless a passage between the tiers is requisite, the 
chain to which the head cham-pendent of one tier is affixed, has like- 
wise fastened to it the stem chain-pendent of the next tiers. These 
moorings are used in rivers or haibours of small extent, to which they 
are'adapted ; but in other places, not frequented by many ships, or of 



where there is little or no tide, these docks are so coi|^tructed, as to have the 
water within forced out by pomps, ojr other mechanical operations, as in 
Russia and other parts. 

In some places, as at Portsmouth, floating gates are constructed, in the form 
of a vessel, with each end like the bow of a ship, neatly fitted to the lock, and 
to work up or down a groove in the lock with the tide, by pumping wat» into, 
or out of the vessel, sufficient to float or sink it, as occasion might require. A 
vessel of this kind was also used at the London Docks, to keep the water out 
whUe they were making. 

8. Slips for the building of ships, may be classed under this head. They 
also are excavations, sloping and inclined towards the tide, well framed and 
floored with timber, &c. Ships, when built, are generally launched at spring 
tides, by driving away the shores and props which supported them, when thev 
are easily launched from off the slips. 



SHIP BUILDING. 107 



SUam Vessels, 



considerable extent, there is another sort in use, called ''-swinging 
moorings.." These differ from the former only in this ; the ground 
work being the same. To the ring of die chain is fixed one chain- 
pendent, the end of which is passed through a large buoy ; and to that 
is connected a swivel-ring by a shackle, and thus kept constantly from 
-sinking into the ground. This is used for mooring one or two ships 
to. Near each end of the chain is fixed one chain-pendent, or more, 
supported likewise by a buoy, used only for the purpose of warping 
ships from the middle to any intended place. 

To the '' head and stern moorings," ships are thus fastened : clench 
the end of a bridle to the Jew's-harp of the chain-pendent, and pass it 
into the hawse holes ; then heaye it up, and bit it, like the after 
bridles, into the gun-room port, or in upon the quarters, and take a 
round turn round the beam of the after hatch, and cross it with a 
throat or round seizing ; or, if more convenient round the jeer-bitSr 
To moor to '', swingmg-moorings," pass out the ends of the bridle, one 
on each side, through the hawse hole next the stem ; then pass them 
through the swivel ring of the chain-pendent ; then return them into 
the ship through the after hawse holes, and bit them. In this situation 
a ship is fitted for sea, by regularly stowing her ballast, and getting on 
board her rigging, stores, &c. 

The steam boat comes next in order, and the Soho will first claim 
our notice. 

The Soho, which is one of the largest steam vessels built in Europe, 
was launched in July, 1823, intended to ply between Leith and London, 
a distance o( about 460 miles. She is impelled by two engines of 60 
horse power each ; her length of deck is 163 feet ; breadth 27 ; depth 
of hold 16 feet, 10 inches ; burden 510 tons. Her accommodations 
are extensive, having space for 112 beds. The ladies' cabin is 8 feet 

high. 

The Soho is, however^ of somewhat smaller dimensions than the 
American steam-boat, the Chancellor Livingston, plymg on the Hud- 
son river between New York and Albany, constructed by Mr. Fulton. 
The following are some particulars respecting this vessel. Her keel is 
154 feet long; deckJ65; 32 broad; burden 620 tons; draught of 
water about 7 feet 3 inches ; principal cabin 54 feet long, 7 high ; 
ladies^ cabin, above the other, 36 long, with closets ; forward cabin 30 
long, 7 high. Permanent sleeping-births, in principal cabin, 38 ; in 
ladies' cabin, 24 ; in fore cabin, 56^\ in captain's cabin on deck, 2 ; 
engineers and pilots', 3 ; forecastle, 6 ; fire-men, cooks, &c. ; total, 
1 35. Her engine is of 75 horse power ; diameter of cylinder 40 inches 
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length 5 feet ; piston rod 8 J feet; stroke 5 feet; boiler, 28 feet long, 
12 broad, with two funnels ; paddle wheels, 17 feet in diameter ; pad- 
dle boards five feet, ten inches long, with two fly-wheels, each 14 feet 
diameter, connected by pinions to the cruik wheel. The machinery 
rises 4^ feet above the deck. Average rate of sailing eight and one- 
half to eight and three-fourths miles an hour. With a strong wind 
and tide in her favour, she has made 12 ; but with strong wind and 
tide, against her,^not more than six miles per hoar. The hands em- 
ployed on board are — 13 mariners, 11 cooks, waiters, stewards, Sec, ; 
in all 24. 

Barges are of various kinds, and require various names, according 
to the variety of their uses and structure : as, 

A company's barge A severn trow 

A row barge ^ A ware-barge 

A royal barge A light horseman 

A sand barge A west country barge. 

A barge differs from a bark, as being smaller, and nsed only on 
rivers ; whereas the latter goes out to sea. 

There are also barges, belonging to men of war, serving to carry 
generals, adihirals, and chief commanders. 

Sailing barges are 'vessels with one mast, and sometimes a bowsprit. 
Those that have boom sails, are rigged like sloops ; but, having few 
hands on board, the boom and gaff are more easily hoisted or topped, 
the power being increased by the addition of blocks. Sailing lighters 
or barges, with a sprit-main*sail, rig with a 'sprit-yard at the head 
of the sail, hanging diagonally to the mast. Some large barges have 
a ship's mizen, and a down hauler at the peek-end of the sprit-yard. 
Large barges have a fore-sail, jib, cross-jack-yard, and top-s^l, similar 
to sloops. 

The construction of boats may now be briefly noticed. 
The largest boat that nsually accompanies a ship, is the long-boat, 
which js generally furnished with a mast and sails : those which axe 
fitted up for men of war, may be occasionally decked, armed, and 
equipped for cruising short distances against merchant ships of the 
enemy, of smugglers, or for impressing seamen, &c. The barges are 
next in order, which are longer, slighter, and narrower : they are em- 
ployed to carry the principal sea-ofiicers, as admirals, and captains of 
ships of war, and are very unfit for sea. Pinnaces exactly resemUe^ 
harges, only that they are somewhat smaller, and never row more than 
eight oars ; whereas a barge properiy never rows less than ten. ,ltefte 
are, for the accommodation of the lieutenants &c. Cutters of a ship, 
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are broader, deeper, ami shorter, than the barges or pinnaces ; they are 
fitter for sailing, and are commonly employed in carrying stores, pro- 
visions, passengers, &c. to and from the ship. In the structure of tins 
sort of boats, the lower edge of every pknk in the side orerlays the 
upper edge of the plank below, which is called by shipwrights, clinch- 
work. Yawls are something less than cutters, n^rly of tiiie same form, -^ 
and used for 'Similar services ; they are generally rowed with six oan. 

The above boats more partictdarly belong to men of war ; as mer- 
chant ships seldom have more than two, viz. a long-boat and yaw! : 
when they have a third, it is generally calculated for the countries to 
which they trade, and varies in its construction accordingly. Mer- 
chant ships employed in the Mediterranean, find it more convenient to 
use a launch, whicli is longer, more fiat-bottomed, and better adapted 
every way to the harbours of that sea, than a long-boat. 

A wherry is a l^ht sharp boat, used in a river or harbour for carrying 
passengersfrom place to place. Punts are a sort of oblong fiat-bottomed 
boats, neaily resembling floating stages ; they are used by shipwrights 
and-calkers, ibrbeaming, calking, or repairing aship*s bottom. A moses 
is a very fiat broad boat, used by merchant ships amongst theCaribbee« 
Islands, to bring hogsheads of sugar off from the sea-beach to the ship* 
ping which are anchored in the roads. A felucca is a strong passa^ 
boat used in the Mediterranean, with from 10 to 16 banks of oars. The 
natives of Barbary often employ boats of this sort as cruisers. 

The life-boat was invented by Mr. Greathead, and has been found of 
great utility in those situations in which an ordinary boat would have 
l>een swamped and destroyed. 

The principle of this boat appears to have been suggested to Mr. 
Greathead, by the fbllowing simple fact Take a spheroid, iand divide 
it into quarters, each quarter is elliptical, and nearly resembles the half 
of a wooden bowl, having a curvature with projecting ends ; this, 
thrown mto the sea or broken water, cannot be upset, or lie with the 
bottom upwards. 

The length of the boat is thirty feet ; die^ breadth^ ten feet ; the 
depth from the top of the gunwale to the lower part of the keel in mid- 
ships, three feet three inches; from' the gunwale to the .platfortn 
(within), two feet four inches ; from the top of the stems (both ends 
being similar) to the horizontal line of the bottom of the keel, five feet 
nine inches. The keel is a plank of three inches thick, of a proporti* 
onate breadth in midships, narrowing gradually towards the ends, to 
the breadth of the stems at the bottom, and forming a great convex- 
ity downwards. The stems are segments of a circle, with a considerable 
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rake. The bottom section, to the floor-heads, is a curve fore and 
aft, with the sweep of the keel. The floor timber has a small rise 
carving from the keel to the floor-heads. A bilge plank u wrought in 
on each side, next the floor-heads, with a double rabbet groove, of a 
, similar thickness with the keel ; and, on the outside of this, are fixed 
two bilge-trees, corresponding nearly with the level of the keel. The 
ends of the bottom section form that fine kind of entrance* observable 
in the lower part of the bow of the fishing boat, called a coble, much 
used in the north. 'From this part to the top of the stem it is more 
elliptical, forming a considerable projection. The sides^ from the 
floor'^heads to the top of the gunwale, flaunch off* on each side in pro- 
portion to above half the breadth of the floor. The breadth is conti- 
nued far forwards towards the ends, leaving a sufficient length of 
st^ght side at the top. The sheer is regular along the straight side, 
and more elevated towards the ends. The gunwale fixed to the outside 
is three inches thick. The sides, fh>m the under part of the gunwale, 
along the whole length of the regular sheer, extending twenty-one feet 
six inches, are cased with layers of cork, to the depth of sixteen inches 
downwards ; and the thickness of this casing of cork being four inches, 
it projects at the top a little without the gunwale. The cork,, on the' 
outside, is secured with thin plates or sli^ of copper, and the boat . is* 
fasUined with copper nails. The thwarts, or seats, are five in number, 
double-banked; consequently the boat maybe rowed with ten oars. 
The thwarts are firmly stanchioned. The side oars are short, with 
iron tholes and rope grommets, so that the rower can pull either way. 
Jhe boat is^ steered with an oar at each end ; and the steering oar is 
one-third longer than the rowing oar. The platform placed at the 
bottom, within the boat, is horizontal, the length of the midships, and 
elevated at the ends, for the convenience of the steersman, to giye him 
a greater power -with the oar. The internal part of the boat next the 
sides, from the under part of the thwarts dovfrn to the platform, is cased 
with cork ; the whole quantity of which, affixed to the life-boat, is 
nearly seven hundred weight. The cork indispensably contributes 
much to the buoyancy of the boat, is a good -defence* in going along- 
side a vessel, and is of principal use in keeping the boat in an erect po^ 
sition in the sea, or rather for giving a very lively and quick dispo- 
sition to recover ^m any sudden cant or lurch which she may leceive 
from the stroke of a heavy wave. But, exclusively of the cork, the 
admirable construction of this boat gives it a decided pre-eminence. 
The ends being similar, the boat can be rowed either way ; and this 
_ peculiarity of form alleviates her in rising over the waves. The curvature 
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of tiie keel and bottom facilitates-^ her movement in • turning, and 
contributes to the ease of th^ steerage, as a single stroke of the steer- 
ing oar has an unmediate effect, the boat moving tta it were upon a 
centre. The fine entrance below is of use in dividing the waves, when 
rowing against them ; and, combined with th^ convexity of the bottom,' 
and the elliptical form of the stem, admits het to rise with wonderful 
buoyancy in a high sea, and to launch forward with n^idity, without 
shipping any water, when a common boat would be in danger of being 
filled. The flaunching or spreading form of the boat from her floor- 
heads to the gunwale, gives her a considerable bearing ; and the con- 
tinuation of the breadth, well forward, is a great support to her in the 
sea ; and it has been found by experience'^ that boats of this construc- 
tion are the best sea boats for rowing against turbulent waves. The in- 
ternal shallowness of the boat from the gunwale down to the platform, 
the convexity of the form, and the bulk of cork within, leave a very 
diminished space for the water to occupy ; so that the life-boatj when 
fiUed with water, contains a considerable less quantity than the com- 
n»,a boat, and is in no danger of sinking or overturlg. It may be 
/presumed by some, that in cases of high wind, agitated ^sea, and broken 
waves, a boat of such a bulk could not prevail against them by the force 
of oars ; but the life-boat, from her pecuUar form, may be rowed- af- 
head, when the attempt in other boats would fail. Boats of the com- 
mon form; adapted for speed," are of, course put into motion with a 
small power ; but, for want of buoyancy and bearing, are overrun by 
the waves, a,nd sunk, when impelled against them ; and boats con- 
structed for burthen meet With too much resistance from the wind and 
sea, when opposed to them, and as such cannot be rowed from the 
shore to a ship in distress. 

Mr. Greathead gives the following instructibi^s for the manage- 
ment of >che life-boat. 

The boats, in general, of this description are painted white on the 
outside ; this colour more immediately engaging the eye of the spec- 
tator when rising from the hollow of the isea, than any other. The 
bottom of the boat is at first varnished, though a painted surface 
is the most economical. . The oars she is equipped with axe made 
of fir, .of the best quality; the inventor having found by expe> 
rience, that a rove ash oar, that wiir dress clean and light, is too 
pUant among the breakers ; and when' made strong and heavy, from 
rowing double-banked, the purchase being short, sooner exhausts the 
rower, which makes the fir oar, when made stiff, more preferable. * 
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In the management of the boat she requires twelve men to work her, 
that ist five men on each side rowing double-banked, wkh an oar slang 
over an iron thole, with a gronmiet (as providied), so as to enable the 
rower to pull either way, and one man at each end to steer her, and to 
be ready at the opposite end to take the steer-oar, when wanted. As, 
from the construction of the boat, she is always in a position to be 
towed either way, without turning the boat ; when manned, the per- 
son who steers her should be well acquainted with the course of the 
tides, in order to take every possible advantage : the best method^ if 
the direction will admit of it^ is to head the sea. The steersman should 
keep his eye fixed upon the wave or breaker, and encourage the rowers 
not togive way, as the boat rises to it ; being then aided by the force of 
the oars, she launches over it with vast rapidity, without shipping any 
water. It is necessary to observe^ that there is often a strong reflux of 
sea occasioned by the stranded wrecks, which requires both dispatch 
^ care in the peo][^ employed, that the boat be not damaged. When 
the wreck is reached, if the wind blows to the land, the boat will ccMne 
in shore without any other effort than steering. 

Mr. Christopher Wilson received a gold medal in 1B07, fcMr a life- 
boat with air gunwales, which was tried at Newhaven, and was said to 
be lighter and more manageable than Mr. Greathead's. 
. •" Little is required," says Captain Manby, " to establish the im- 
portance and advantages that will result from giving every boat Uie 
prop^ties of a life-boat, particularly when it is taken bto consideratioii 
that it can*be produced at a very trifling expense." 

To illustrate the method of giving the properties of preservation to 
any boat, I hare selected the representation of a man of war's jolly- 
boat, fitted up to make, experiments thereon, by permission of the 
Honourable Commissioners of the Navy Board. 

^* To g^veit buoyancy, empty casks were well lashed and secured in 
.it. For the advantage of keeping it in an upright position, launciung 
from a flat shore, beaching, and to resist upsetting, it had billage 
bolurds of equal depth with the keel, and when a good tnzed pieee of 
iron or lead was let into, or made fast to the keel, if any accident tiid 
upset the boat, it immediately regained it^ or^nal posture. .A stout 
projecting rope, with ^welhngs upon it to increase its dasticity, sur* 
rounded the ^nwale, served as a fender, and prevented itbeiiig 
stoved in lowering down, or when driven in contact with the vessel it 
might be going to relieve, 

" The boat thus described had the plug out, and was filled with 
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water until it ran over the gunwale, when a crew of four with myself, 
tried it in e?ery way> and found from the buoyant property of the casks, 
it kept the boat so much above the water^s edge, that it was rowed with 
die greatest ea8e,and was capable of performing any service required.'' 

Mr. J. Boyce^ iii 1814, obtained a medal for his life-boat and safety 
buoy, consisting of hollow cylinders, made of canvass, painted, and var- 
nished, and connected with each other. It was tried on a river and 
ahd carried a man widi safety ; but surely it could not be trusted among 
breakers on a ke shcnre. In 1818, Mr. Gabriel Bray obtained a silver 
medal for his invention of a boat filled with air boxes, under the seats 
and along the sides. 

Captain Manb/s proposal for throwing ropes from ship to ship in 
cases of accidents, may easily be understood from the methods which 
he employs for saving lives in shipwrecks. Mr^ Thomas Cook's life- 
buoy is related to the same clase of inventions; its object is to preserve 
the life of a person falling overboard in the night by means of a float- 
ing light; and it obtained him a gold medal from the Society of Arts 
in 1818. He observes that a ship may often have to run half a mile 
before she can get d[)out, and lower a boat ; so that it becomes highly 
desirable to afford a temporary support to the sufferer. The machine 
xx)nsistB of two casks, with a pillar between them, carrying a compo- 
sition of portfire^ to be lighted by a lock when the accident happens, 
and to serve as a rendezvous to the man and the boat. He found that 
it migfat be lighted, and let down into the water in the short time of 
five second^ ; being always kept suspended in a proper manner be- 
tween the cabin windows at the stem of the ship. 

WhBe speaking of the life-boat, it may be advisable to notice a me- 
thod for the safe removal of -such ships as have been driven on shore. 

For this purpose empty casks are usually employed to float off the 
vessel, especially if she is smsdl, and at the sam^ time near the port to 
which it is proposed to conduct her. In other cases, the following 
method-' adopted by Mr. Barnard will answer. 

** On January 1, 1779 (says Mr. Barnard), in a most dreadful 
storm, the York East Indiaman, of eight hundred tons, homeward 
bound, with a pepper cargo, parted her cables in Margate roads, and 
vras driven on shore, withii^ one hundred feet of tlfe head and thirty 
feet of the side of the Margate pier, then drawing twenty- two feet six 
inches vrater, the flow of a good spring tide being only fourteen feet oflP 
that place. 

*« On the third of the same month I went down,*as a ship4)uilder, to 
assist, as much as lay in my power, my worthy friend Sir Richard 

8. I 
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Hotham, to whom the ship belonged. I found her perfectly tipright, 
and her sheer (or side appearance) the same as when first built, but 
sunk to the twelve feet water-mark fore and aft in a bed of chalk mixed 
with a stiff blue clay, exactly the shape of her body below that draft of 
water ; and from the rudder being torn from her as she struck coming 
on shore, and the violent agitation of the sea after her being there, her 
stern was so greatly injured as to admit free access thereto, which filled 
her for four days equal to the flow of the tide. Having fully informed 
myself of her situation and the flow of the spring-tides, and being 
clearly of opinion she might be again got off, I recommended, as the 
first necessary step, the immediate discharge of the cargo ; and, in the 
progress of that business, I found the tide always flowed to the same 
height on the ship ; and when the cargo was half discharged, and I 
knew the remaining part should not make her draw more than dgh- 
teen feet of water, and while I was observing the water at twenty-two 
feeC six inches by the ship's marks, she instantly lifted to seventeen 
[ feet eight inches ; the water and air being before excluded by her 
pressure on the clay, and the atmosphere acting upon her upper part 
equal to six bundled tons, which is the weight of water displaced at 
the difference of these two draughts of water. 

^ The moment the ship lifted, I discovered she had received more 
damage th^n was at first apprehended, her leaks being such as filled 
her from four to eighteen feet water in an hour and a half. As nothing 
effectual was to be expected from pumping, several scuttles or holes in 
the ship's sid^ were made, and valves fixed thereto, to draw off the water 
at the lowest ebb of the tide, to facilitate the discharge of the remain- 
ing part of the cargo ; and, after many attempts, I succeeded in an 
external application of sheep skins sewed on a sail and thrust under 
the bottom, to stop the body of water from rushing so furiously into 
the ship. This business effected, moderate pumping enabled us to 
keep the ship to about six feet at low water, and by a vigourous eflbrt 
we could bring the ship so light as (when the cargo should be all dis- 
charged) to be easily removed into deeper water. But as the external 
application. might be disturbed by so doing, or totally removed by the 
agitation of the ship, it was absolutely necessary to provide some per- 
manent security for the lives of those, who were to navigate her to the 
river Thames. J then recommended as the cheapest, quickest, and 
most effectual plan, to lay a deck in the hold, as low as the water 
could be pumped to, framed so solidly and securely, s^nd calked so 
tight, as to swim the ship independent of her own leaky bottom. 
" Beams of fir timber twelve inches square were placed in the hold 
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under every lower deck bewn in the ship, as low as the water would 
permit; these were in two pieces, for the conveniency. of getting them 
down, and also for the better fixing them of an exact length, and well 
bolted together when in their places Over these were laid long 
Dantzic deals of two inches and half thick, well nailed and calked. 
Against thfe ship's side, all fore and aft, was well nailed a piece of fir 
twelve inches broad and six inches thick on the lower and three inches 
on the upper edge, to prevent the deck from rising at the side. Over 
the deck, at every beam, was laid a cross piece of fir timber six inches 
deep and twelve inches broad, reaching from the pillar of the hold to 
tTie ship's side, on which the shores were to be placed to resist the presr 
sure of the water beneath. On each of these, and against the lower 
deck beam, at equal distances from the side and middle of the ship, 
was placed an upright shore, six inches by twelve, the lower end let 
two inches into the. cross piece. From the foot of this shore to the 
ship's side^ under the end of every lower deck beam, was placed a dia- 
gonal shore six inches by twelve, to ease the ship's deck of part of the 
strain by throwing it on the side. An upright shore of three inches by 
twelve, was placed from thevend of eveiy cross piece to the lower deck 
beams at the side, and one of three inches by twelve on the midship 
end of every cross piece to the lower deck beam, and nailed to the 
pillars in the hold. Two firm bulkheads or partitions were made as 
near the extremes of the ship as possible. The ceiling or inside plank 
of the ship was very securely calked up to the lower deck, and the 
whole formed a complete ship with a fiat bottom within side, to swim 
the outside leaky one ; and that bottom being depressed six feet below 
the external water, resisted the ship's weight above it equal to five 
hundred and eighty-one tons, and safely conveyed her to the dry-dock 
at Deptf^rd." 

Lieutensmt Shuldham has suggested an improvement in the mode of 
ballasting vessels, which is especially adapted for packets and other 
vessels of dispatch. With regard to the principle, it may be neces- 
sary merely to observe, that for ages back it has been known to every 
school-boy, who has amused himself with sailing little boats, that they 
sail infinitely the best with their ballast fixed to their keels : the reason 
of which must be obvious to every mechanic ; nevertheless to ballast 
sea-going vessels in the same manner by affixing to them lead or iron 
false keels, has generally been thought unsafe, as the centre of gravity 
would be so low as to occasion them to labour much in sea-way, an 
evil certainly very great. Now, ' in the application of such keels, 

I 2 
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properly modified, to sea-going vessels, without being attended with the 
danger above-mentioned, consists the novelty of this invention ; for, by 
an easy and iSonvenient method of raising or lowering a certain weight 
for internal ballast, the centre of gravity can be altered as the judgment 
may direct, and adapted to any state of wind or sea; — thus, a vessel m?y, 
by a vast increase of stability, obtained by the centre of gravity being 
low, carry more sail than otherwise ; which increase in the propelling 
power, would cause her to sail faster in proportion to its amount ; the 
quantity of water she displaces being the same : this point, being so 
obvious, and having been practically proved, it will be unnecessary to 
enlarge on the subject. 

The enclosed copy of a report respecting a boat, built under Lieut. 
Shuldham's inspection, at his Majesty's Dock-jard at Plymouth, will 
fully prove how well the plan, so far, practically answered. Its suc- 
cess induced the Lords Commissioners of the Admiralty to order it to 
be tried on the Quail cutter, to which vessel, however, it did not prove 
so decidedly beneficial, although her sailing qualities were thereby 
much improved ; this arose fr6m the form and dimensions of the Quail 
not being in unison with the plan, which .is more suitable to a narrow 
vessel, and of such construction, that, without the aid of the lever of a 
heavy false keel, she would not have had s^ufFicient stability. 

The transom of Lieutenant Shuldham*s boat being raised consider- 
ably higher than those of boats in general, her body is enabled thereby 
to be brought down in the water for sailing without dipping the same. 
Boats, as commonly built, when brought down, feel an inconvenience 
ih proportion as the transom drags in the water ; and how far the boat 
in question, or indeed any vessel with her, transom raised so high, would 
answer in a sea, and in case of getting stemway in stays, we* cannot 
speak to, not having seen the'boat in such a situation (the water being 
smooth) ; but we should think there would be danger in the event of 
the boat getting stemway, from the transom being so high, and she so 
thin abaft. 
^We may observe, that this boat never lost her way in stays, and 
being decked flush with the gunwale, and having an iron keel of consi- 
derable weight brought to her deep wooden keel, so powerful a lever is 
created thereby, and by the internal weight of ballast, &c. as to enable 
her to carry a greater proportion of sail than any other boat of similar 
tonnage can possibly do ; nor, if the well supported masts standi is 
there the smallest danger of her upsetting, even when having some 
streaks of the deck in the water. 
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The following is the weight of the boat, S^c. : 

Tons, emu. qrs. Us. 

Boat alone 2 2 12 

Iron keel, "bolts, &c 1319 

Iron ballast ^116 6 

Lead ditto 14 14 

Men, sails, rigging, stores, &c 1 2 12 

Total ... 6 17 2 25 
length in the extreme 32 feet, and 30 in keel ; and extreme breadth 8 
feet : tonnage, by measuranent, lOfi tons. 

The plan of raising the ballast to the centre of gravity when going 
largej to prevent the boat from rolling, was found to have the desired 
effect, for after bearing up, when round the east end of the island, she 
rolled pretty quick and deep, until the ballast was raised, after which 
she proceeded as steadily as boats of her tonnage are accustomed to 
do in sailing. 

But, notwithstanding the great superiority this boat had over the 
two which were tried with her, as well as over many others which have 
sailed against her, it might be recommended, that, in order to establish 
a judgment in respect to the plan on which she is fitted being calcu- 
lated to answer general purposes, that one of the best sailing revenue 
cruizers be fitted for trial, against another of as nearly similar tonnage 
as can be, and, if possible, still better qualities, although the boat in 
question has answered beyond expectation. 

Underneath is a statement of the particulars of the sails used in the 
principal yard boat, and in that of Lieutenant Shuldham's at the time 

of trial. 

Lieutenant Shuldham's Boat. 

{I 

151 

\n 
m 



Large jib 


• n' 


7J 


Foresail . . 


. 7 


81 


Gaff topsail . 


• n 




Mainsail . . 


■ n 


H 


Gaff topsail . 


. 7 




Mizen . . 


• 4J 


5 



• . /b%f jai 


uo ui vaj 


. . 54| 


Ditto. 


. . 194 


Ditto. 


. . 52J 


Ditto^ 


. . 19 


Ditto. 


. . 14 

• 


Ditto, 



Total. 



182 



Twelve-oared Yard Cutter^ 



Jib 



24| 
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ForesaU 30J 

Mainsail ) Sprit '' ' tJ, 

Mizen 3 *^ 13| 



Total . 



108i 




The figure is a sectional representa- 
tion of a cutter, a, the fixed ballast of 
lead or cast iron, forming part of the 
false keel. 

b, the moveable ballast, arranged in 
^ a box or frame transversing on a screw, 

and thus admitting of being raised or 
lowered at pleasure. 

c, a screw, the threads of which form 
a close spiral and therefore capable of being managed by the capstan 
bars d. 

e, a screw, the threads of which form a loose spiral, and therefore 
admits of much more rapid motion than the former, but requires for its 
due government the addition of a cog-wheel /, and pinions g g^ ta- 
^ gether with the winch h. 

With reference to ventilation Mr. Finlayson who has published a 
very admirable work on dry-rot, &c. very judiciously remarks, that in 
ventilating a ship we ought to have the following objects in view : — 
The supplying her with a current of pure air for the purpose of animal 
respiration ; and also to dry the decks and timbers. 

Now the common windsails in this variable climate, cannot be used 
with advantage more than one day out of three ; and during the 
remainder of the time their operation will often be null, and sometime 
even detrimental. But under all'changes of weather, Dr. Hale's ven- 
tilators were useful in pumping out the vitiated air from the hold of a 
ship, while the atmospheric pressure supplied its place with that ofa 
cold and pure quality ; by which means, the atmosphere of the lower 
deck, &c., could be renovated at pleasure. * It ought also to be re- 
marked here, that owing to air becoming specifically lighter by being 
heated, it will continue to ascend from the interior of a ship, through 
the different apertures, while its place will be supplied by colder air 
from the exterior. This, to a certain extent, is true, and in continual 
operation.; yet when we recollect the great quantity of carbonic acid 
gas which is thrown off by animal respiration during the night, and the 
prQ|>ortion in which this ponderous air enters into chemical com- 
bination with the atmosphere, we are compelled to admit (from its 
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greater iS{)ecific gravity) that holds and store-rooms will become the 
receptacles of this pestilential gas. But the evil does not endhere, for 
fixed air fiimishes a natural and luxurious nourishment for fungi, car- 
bon being part of the food, and the base of all the vegetable kingdom. 
Indeed, this is a process which nature employs for the double purpose 
of nourishing plants, and renovating our atmosphere. Mr. F. goes on 
to say, '' The method I would recommend for ventilating ships is as 
follows : — During the continuation of wind, and while there is consi- 
derable motion in a ship, the windsail now in use, and Mr. Perkins's 
ventilator, will answer the purpose most completely ; but when neither 
wind or motion is at hand, we must have recourse to manual strength 
and machinery to pump out the vitiated air, and the atmospheric pres- 
sure will supply its place with that of a cold and pure quality. The 
windsail and Mr. Perkins's ventilator will be best suited to sea-going 
ships ; while an engine for pumping out the foul air (after the manner 
of ventilating the Session House at the Old Bailey) will be better 
adapted for ships in ordinary, and guard ships, where the rolling is 
inconsiderable." Mr. Perkins's method of ventilating the hold of a ship 
will at once be understood by referring to the engraving, in which the 







apparatus is shown ; a, being a tank or water-butt ; b, hose-pipe for 
conducting the foul air into the tank ; c, hose for conducting the foul 
air from the tanks; d, connecting water-pipe intended to pass to a 
similar apparatus on the other side of the vessel. There is a valve for 
admitting the foul air into the tank by the ascending pipe, and the 
valve, /, is placed to allow it to escape. The operation of this self- 
acting ventilator is as follows : — Each tank or butt is half filled with 
water, which flows freely from one to the other through the pipe d. 
The quantity of water running alternately from each depends upon the 
motion of the ship. When one of tlie tanks is elevated by the ship's 
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motion, the water will run through the pipe d into the depressed tank^ 
and thereby discharge as much foul air through the valve /, as tbe 
additional water displaces. The elevated tank at the same time is re- 
ceiving the foul air through the lower pipe and valve from ^ hold of 
the ship, to supply the vacuum that would otherwise be made by the 
escape of the water. If the tanks are fixed at right angles with the 
keel of the ship, the ventilator will operate only widi the roll of it ; but 
if placed diagonally, both the pitch and roll of the vessel will dischai^ 
the foul air. It would be most economical to fill the tanks at the be^ 
ginning of the voyage. The first water for the ship's use should be 
taken from the ventilating tanks, leaving, however, half of it behind 
for operation. If the remaining water should ever be wanted for the 
ship's use it can be drawn off, and replaced by salt water. It will be 
seen that by this mode of ventilating, nothing but the hose and valves 
aVe to be added to what must necessarily be on board every ship. 

A very ingenious contrivance for ascertaining the trim of a ship )ias 
been suggested by Mr. Perkins, it consists of two instruments called a& 
Orthometer and a Pleometer^ and as tbe construction of bolh these 
instruments is the same, differing only in the relative proportion of the 
parts, one description will serve for both. The instrument is in fact a 
mercurial level, consisting of a horizontal tube turned up vertically at 
each end, to the height of about three inches. This tube or syphon is 
filled with mercury, so that the fluid rises up about an inch in the twa 
legs, to each of which a float is fixed, formmg one end of a lever, as 
the index docs the other end, which is so adjusted, that the two indexes 
are in the same horizontal line when the mercury stands at the same 
height in both the legs ; but when the mercury is unequal, then the 
indexes are, the one higher and the other as much lower than the hori- 
zontal line. Two instruments of this kind being fixed against the side 
of a ship's cabjn, one in the same line with the keel, and the other at 
right angles to it, will show by changes in the relative position of the 
indexes, the angular changes in the position of the ship itself, occa- 
sioned either by the distribution of the cargo, or by the impulse of the 
wind on the sails. 

The instrument is suspended by two points, one of which is fixed ; 
the other is capable of bemg raised or lowered by an adjusting screw. 
As however, from the pitching and rolling of the ship, the mercury 
would be in a state of constant and violent oscillation, so as to render 
any accurate observations impossible, the inventor has obviated this 
difficulty by fixing a perforated screw upon the middle pomt of the ho- 
rizontal part of the tube, by means of which the bore in that part can 
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be diminished to any required degree, so as to render the instrument 
insensible to individual and sudden changes in the position of the ship, 
while it continues to indicate the average inclination of the Ttesel. 

When the vessel is at sea, and sailing to the most advantage, the 
adjusting screw of the instrument b .to be turned till the two indexes 
ar^ bought into the same horizontal line, and this luijustment wiU ever 
after continue to indicate the trim of the vessel, as long as no material 
change in the quantity and position of the cargo takes place. Hence, 
by mere inspection of the instruments so adjusted, the master wiU 
know whenever his ship is, or is not, sailing to the most advantage* 

The instrument placed in a line with the keel of the ship is denomi- 
nated by Mr. Perkins an Orthometer, that placed at right angles to 
the keel a Pleometer. 

The binnacle, or box which contains the compass, in ordinary ships, 
is a very imperfect and inaccurate contrivance ; it is a box situated 
upon the deck, with a partition, dividing it into two chambers, one for 
containing a lamp or candle, and the other fbr the compass-box ; the 
partition having a pane of glass in it to admit the light upon it, and the 
front of the division, where the compass is kept, has also a window to 
see into it. The compass-box is generally made of wood, and square, 
containing within it a circular brass box, suspended on gimbals, and in 
this is the compass card ; its points are read against a mark, usually 
made by a pencil, within side the brass box, and called Lubber's 
Mark. A line drawn from this to the centre of the compass card, 
should, in all cases, be etactly parallel to the line of the ship's keel, 
otherwise' her course by the compass will never be correct, the manner 
in which the compass-box is fitted into the binnacle, renders this v«ry 
uncertain, for the square box being smaller than the inside of the 
binnacle, wedges are driven in all round to make it ^t; but there is 
nothing to make it certainly parallel to the ship's keel. The binnacle 
is frequently made with three divisions instead of two, then a cbmpads 
IS placed in each side, and the light in the division between them ; but, 
unless the binnacle is very large, there is an objection to placing two 
needles so near together, as they are liable to act upon each other. 
The light is very imperfectly thrown upon the ccmipass card in the 
common way, and may also be seen at a distance from the ship. 

The binnacle invented by Mr. Grant Preston has a cylindiical top, 
which incloses the lamp in a case, being on that account convenient for 
l%hting below in case of bad weather, which convenience has been long 
wanted by mariners ; the body and tipper part of this case being made 
of copper, renders them very durable and compact. The lamp gives a 
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powerful ligbt vertinally on the compass ; is simple in its constnictinn, 
steady in its burning;, and Ae expense oftheoirBmall; no light is seen 
to dazile the eye of the man at the wheel or tiller, nor is any li^ht 
shewn which can be seen by die enemy at- sea. 

^ J, in the accompanying ^^re, ii a 
square box, closed by a door in front, 
which is omitted in the 6gure, to shew the 
interior. This box is fixed down, in a 
proper situation, on the deck, and sup- 
ported at a height favourable to view the 
compass^iard which it coat^ns ; the two 
sides being exactly parallel to the ship's 
keel. B, is a shelf in the box, to sup- 
port a board C, which exactly fits the 
box, but has its angles taken off to per- 
mit it to slide in and out more freely; it 
has a stem, a, of biass wire standing up 
fiom the centre of it, and terminatit^ in 
a diarp point, on which the compass- 
card is freely suspended to turn round ; 
being then included within a circular 
opening made through the top of the 
box, and its divisions reading against a 
line drawn on a piece of white paper 
seen plainly in the figure. The opening in' the top of the box is 
surrounded by an octagonal lantern E, which has glass panes in all its 
sides, half way up firom the bottom, to admit light in the day time, but 
at n^t these are closed by sliding shutters a a a. The compass is 
seen through the glass b, which is placed at a proper incliuatkm to 
command the view of the card ; the lamp is situated in a circular box, 
fitted into a ring F, at the top of the lantern-frame ; and has a dtme 
G, with a chimney d, to take off the smoke. The section annexed 
will explain the interior paits, H H aie the 
sides of the cylindrical box, which fits into 
the ring F ; e'e aoAff, are the sections of 
two brass circles, called the gimbals ; the 
external one has two projecting points, 
which are recdved in pieces of copper sol- 
dered to the inside of the box ; the internal 
ring has similar pivots, but these are received 
.nto holes in the outer ring, the direc^on of 
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of the two lines of pivots being at right angles to each other, hence the 
interior ring, and all which it supports, has an universd motion, and if 
properly balanced, will preserve its horizontal position in any inclina- 
tion of the box. There is'a brass box, which fits into the ring F, and 
has in the bottom of it a large plane convex lens K K, which concen- 
trates the light of the lamp above, and throws it down upon the card 
beneath. The lamp L L, is just within the box : it consists of a deep 
copper hpop, forming the external surface ; a hd at the top, and a bot-^. 
tom halfway down, which have each a large hole through their centres, 
and therefore be considered as rings; another hoop being soldered 
within these rings, forms a complete hollow ring, in which the oil is 
contained, being .filled at two tubes g h. The wick i is situated in a 
kind of spout, which proceeds from the interior of the ring to its 
centre ; and, b^g very narrow^ diminishes very little of the light ; 
for, as shewn in the figures, the flame is caused to project over the end 
of it, and then comes in the centre of the whole, that the lens KKmay 
throw the light down with the greatest effect ; and to increase this, a 
reflector is added. This is a kind of conical chimney, 1 1, which stands 
over the lamp, and includes the light ; the conical part, L L, of this, 
is tinned within side, and well poUshed, to reflect the light downwards. 
By this means the card is always well illuminated, and if the shutters 
a a, are put down, no light is shewn which could be perceived by an 
enemy at sea, for the only aperture b directs the light upwards, and 
that in a direction where it will not fall upon any part of the ship. 

There are, as we have already had occasion to state, commonly two 
capstans in a large ship ; the main capstan placed behind the main 
mast, standing on the first deck, and reaching four, or five feet above 
the second : .this is also called the double-capstan, because it has two 
drum-heads, and serves two decks for drawing of anchors ; and because 
its force may be doubled by applying hands on each deck. It has bars, 
whelps, &c.,for turning and stopping it. The other is the jeer-capstan, 
or little-capstan : this stands on the second deck, between the main 
mast and the mizen : its use is ; chiefly, to heave upon the jeer rope, 
or to heave upon the viol, to hold off by when the anchor is weighed ; 
and on other occasions where a less force is required, than to weigh the 
anchors, &c. 

The French call that an English capstan where there are only half 
bars; used : and which, for that reason, is only half perforated : this is 
thicker than the other. 

There is abo a flying-capstan, which may be moved from place to 
place. 
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The paita of a capstan are, the foot, which is the lowest part i the 
spindle, the smallest part of which turns round in an iron socket, called 
the saucer ; the whelps, a sort of brackets set into the body of the ca{^ 
Stan dose under the bars, and reaching downwards from the lower part 
of the dnun-head to the deck ; the barrel, the drnm-head, whidi fa a 
broad cylindric piece of wood fixed above the barrel and wbelps, m 
which are the holes for the bars to be put into ; the bars, which an 
small {neces of timber by which the' men heave ; the ptta, vhicb art 
tittle bolts of iron, thrust perpendicularly through the holes of ^be 
drum-head ; and through a correspondent hole in the end of the htrt 
made to recdve them when the bars are fixed; the pawls, which aia 
pieces of iron bolted to one end of the beams of the deck, close to the 
body of the capstan, but so as that it have liberty to turn about every 
way ; and against them the whelps of the capstan bear ; so as that 
by them the capstan may be stopped from turning back. There aM 
also hanging pawls, as g, g, which leach-from the deck above to lb* 
drum-head immediately beneath it ; and lastly, the swifter, which is a 
rope passed horizontdly through holes in the outer ends of the bars 
and drawn tight, designed to ke^ the men steady whilst they worit, and 
to afford room for a greater number to work at once. 

An important improvement has lately been- proposed for the capstan 
by C^t. Hamilton, of the Royal Navy, which is that of reducing the 
number of whelps from six to five, making the lower part more obtuse, 
and filling it np circular by the chocks, and also making the upper 
part more perpendicular in the sides, and open, the whelps being a 
pordon of a circle. 

Several minor improvements have also been e£Fected, which chiefly 
consist in substituting iron for the more perishable materials prenouely 
employed. 
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The cable and anchor will conclude our notice of tiiis important 
subject. Every merchant vessel, how small soever, has three cables, 
viz., the main or master cable, which is that of the chief anchor, called 
the sheet-cable ; and the two bowers, best and small. The ordinary 
length of the great cable is 120 fathoms or braces. 

To make a cable : — after forming the strands, they use a machine, 
which they first pass between tlie strands that they may turn the better 
and be intertwisted the more regularly together. And to prevent any 
entangling, a weight is hung at the end of each strand. The cablet 
being properly twisted, neither too much, so as to become stiff, nor too 
little, so as to be weakened, is untwisted again three or four turns, that 
the rest may the better retain its state. The usual allowance, for the 
diminution of length by twisting, is one-third of the whole ; so that for 
a cal^ of 120 fathoms, the rope yam must be 180 fathoms long. 

The number of threads which each kind of cable is to be composed 
of, is always proportioned to its leng^ and thickness ; and it is by this 
number of threads that its weight and value are ascertained. Sup« 
posing, then, the lengths, to be equal, the number of threads and the 
weights will be as the areas of their bases, or, which comes to the same, 
as the squares of their circumferences. Having then the weight and 
number of threads of any one cable, we may easily calculate the fol- 
lowing table. 

Circumference. Threads. Weight. 

3 Inches .... 48 192 Pounds. 

4 77 308 

5. ...... 121 .484 

6. 174 ...... 696 

7. 238 952 

8 311 1244- 

9 ....... 393 1572 

10 485 1940 

11 598 ..... . 2392 

12 699 2796 

J3 .. ^ .... 821 3284 

14 952 3808 

15 1093 4372 

16 1244 , 4976 , 

17 - . 1404 ...... 5616 

18 1575 ...... 6296 

19 1754 7016 

20 1943 7772 
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/C Table, shewing how many fathoms, feet, and inches of rope of any 
size, under fourteen inches, makes a hundred weight, with the use 
of the table. 
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If we want to know how much of eight-inch and quarter rope will 
make an hundred weight ? Find 8^ under inches, and against it, m the 
sixth column, occurs 7, 0, 8, which shews in a rope of 8^ inches, there 
will be seven fathoms eight inches required to make one hundred weight. 

A Table, shewing the weight of any cable or rope of 120 fathoms in 
length, and for every half inch from three inches to twenty-four m 
circumference. 
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Link worming of a cable m an operation performed for preserving it 
in rocky ond stony ground, or defending it against ice. For this pur- 
pose chains are twisted round cables in the following manner. Take 
three chains, each about 15 fathoms in length, and all of an equd size, 
and in thickness proportioned to the purpose to which they are 
adapted. Let those be wound round the cable, so that they may pro- 
ject sufficient to sustain the greatest part of the friction, one end of 
them being fastened to the ring of the anchor, and each chain being 
from thence wormed round its respective hollow or channel of thQ 
cable, so as not to prevent its stretching. Fasten the other ends of the 
chain to the cable. The chains need not be very heavy ; but the links 
should be short, because they will thus be more pliant, and worm more 
easily. These chains will effectually guard against the chafing of 
the rocks, and they may be put on in a few minutes, so that it is not 
necessary to have them fitted on, but when they are likely to be service- 
able. As the weight of the three chains, even for a large cable, will 
not exceed 500 pounds, the only remaining difficulty is that which 
arises from the smallness of the hawse holes ; in order to obviate this, 
the holes may be enlarged ; and with the additional aid of a boy or 
spare man at the head of the vessel, to cast off the chains as they come 
up, and hand them in above, every inconvenience will be removed. 
But if it should require a few minutes more to weigh an anchor so se- 
cured, than a common one, this can be no argument against a measure 
that tends to preserve and ensure the safety of the vessel and of the 
ship's company. In high latitudes, where ice may cut or damage the 
cables, while riding at anchor, the use of three other chains such as 
the preceding, but not more than five or six fathoms in length, may be 
recommended. 

It may be hardly necessary to state that^ the general use of chain 
cables has much diminished the necessity for resoriing to this inge- 
nious contrivance. 

The anchor of the vessel will now claim our attention. Those that 
are now made, are so contrived as to sink into the ground as soon as 
they reach it, and to hold a great strain before they can be loosened 
^r dislodged from their station. The parts of which an anchor is 
composed, are the ring, into which the cable is fastened ; the beam, 
or shank, which is the longest part of the anchor ; the two arms, at 
the ends of which are the two flukes, or flooks, by some called the 
palms, which, with their barbs, fasten into the ground ; and the stocky 
which is a long piece of wood, fastened across the beam near the ring. 
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and itrring to guide the flukes in a direction perpendicular to the 
flmrface of the ground, to that one of them «inks into it by its own 
ifdght as soon as it fidls, and is still preserved steadily in that posi- 
tion by the stock, which^ together with the shank, lies flat on the 
bottom. In this situation it must necessarily sustain a great efibrt 
befoie it can be dragged through the earth horizontally : this, indeed, 
can' only be eflected by the wind or tide, or by both of them ; the 
eftet of which is sometimes increased by the turbulency of the sea, 
and acts upon the ship so as to stretch the cable to its utmost tendon, 
and may thus dislodge the anchor from its bed, especisdly if the g^nnd 
be soft and oozy, or rocky. When the anchor is thus displaced, it is 
said, in the sea-phrase, ** to come home.** 

The several parts of the anchor, above enumerated, bear the follow-- 
ing proportions. The length of the arm, from the inside of the throat 
to die bill, is the distance marked on the shank for the trend, taken 
from the inside of the throat ; and three times that is the length of 
the shank, from the tip of the crown : and the shank, from the tip of 
the crown to the centre of the ring, is the length of the iron stock. 
When made, the two arms, from the inside of the throat to the extre- 
nuty of the bill^ should form an arc of a circle, containing 120 degrees. 

Of anchors, there are the sheet, best bower, small bower, and spare 
anchor : these do not vary in form or weight from each other in the 
navy. Stream and kedge anchors are smaller, and grapnels are only 
for boats. Ships of 110, 100, 98, and 90 guns, have seven an- 
chors ; from 80 to 20 guns, inclusive, six anchors ; ships of 30O tons, 
and sloops, have Ave ; and brigs and cutters three anchors. 

The goodness of the anchor is a point of great importance ; the 
safety and preservation of the vessel depending principally upon it. ' 
The shank, arms, and flukes, are first forged separately ; then the 
hole is made at one end of the shank for the ring, which, being sJso 
previously forged, is put into the hole of the ^hank, and the two ends 
shut together. After which, the arms are shut to the shank, one after 
the other, and the anchor is finished. 

The shank is made of many long bars of the best tough iron well 
wrought together : and great care should be taken, that the iron be 
neither too soft nor too brittle ; the latter rendering it too liable to 
break, and the former to straighten. The number of bars sufficient 
to make the shank of the intended size, must be regulated by expe* 
rience. Several parts of the anchor are governed by the size of the 
trend, which is marked on the shank at the same distance from the 
inside of the throat, as the arm measures from the inside of the throat 
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to the extremity of the bill. The shank is rounded to the square of 
the upper part, and is there called the small round, being the smallest 
part. The two sides, in the direction of the arms, are flatted surfaces, 
about an inch less than the trend in lai^ anchors, and something less 
in smaller ones. The squared part is of the same size as at the trend 
each way, and hanches into the small round, one-sixth of the length 
ot* che shank. The hole, or eye, for the ring, is punched through the 
square part, or the flatted side, once and a half the thickness of the 
ring, from the upper extremity of the shank, which has its corners 
flatted, or diamonded, on the same sides, nearly in the middle. Be- 
tween the hole for the ring and the lower part of the square, are two 
small prominencies, raised across from the solid, called nuts, for secur- 
ing the stock in its place. At the lower part of the shank is left a 
scarf, or flatted surface, with a shoulder on each side, for shutting on 
the arms. 

In making every part of an. anchor, the nicest attention should be 
observed, as to its being smooth, fair, and even ; and that the edges 
and angles be preserved straight in their direction ; as well-made an- 
chors should possess beauty as well as strength. The [ring, being 
previously forged, is put through Uie fore-mentioned hold in the shank, 
and the two ends are well shut together. The arms are made of 
shorter bars than the shank, but as good in quality, and' as well put 
together ; they are rounded and flatted on the diflerent sides, to re- 
semble the shank, and are of the same size as the shank at the throat 
and the small round. The rounding part is continued to the palm, 
which is nearly in the middle of the arm ; from thence it is made with 
a square, tapering to the bill on the flafted side ; and, on the inner 
rounded side, is made a square seat for shutting on the palm, that the 
palm, when shut on, should project its thickness at the base, or inner 
part, the outer part making a straight surface with the peak, or bill. 
The back, or outer side of the arm, is made straight from the rounded 
part, or hanch, to the snape, and there kept to half the substance of ' . 

the inner part. The snape resembles the bill of a duck, and is one- *9 

third the breadth of the palm in length. The thickness of the ring 
is to be half the diameter of the small round : the diameter of the 
ring, including the thickness, reaches from the hole in the upper part 
of the shank, to the haftch of the small round. The inner part of the 
arm is mostly made straight from the bill to the throat ; and it is 
thought stronger for having a small angle in its length, inclining to 
the shank. Shanks taper in their length, one and one-half inch in 
•Aiall anchors, to three inches in large, keeping their proper size a^ 

9. K 



130 SHIP BUILDING. 

Anekar. 



the trend ; and three-fourths of an inch to two inches in the flatted 
way. The arm, in its len^, inclines to the shank, and forms a small 
angle, the touch or point thereof being in the middle. The throat- 
end of the arm is scarfed, or flatted, to answer the scarf in the shank, 
to which the two arms are united (after the palms are shut on) in the 
firmest manner possible ; and it is elevated above the horizontal plane, 
or inclined to the shank, that each arm may spread at the peak or bill. 
The length of the arm, from the inside of the throat to the extremity 
of its bill, is then taken ; and that length, froqa the inside of the throat, 
is set upon the shank, and called the trend : from the trend to the 
bill is formed sm angle of about sixty degrees. The palms, or flukes, 
are two thick plates of iron, made of various pieces, well wrought to- 
gether, in the ibrm of an isosceles triangle, one and one-half inch to 
one and one-fburth inch longer than the breadth of the base, and 
curve about as much in their sides. The base, or lower part, is to be 
straight ; the inner flat surface curves a little in the breadth, bu| is 
, straight lengthways ; the palms being finished thus ff^, are lastly shut 
firmly into the inner side of the arm, in the seat bej^re motioned, 
t)ie base inclining iniifrards. 

The stock is composed of t\x[a long beame^ of oak^^ strongly bolted 
and tree-nailed together, apd securefl wi^. four strong iron hoops, 
two on each side of the middle, 2\j^ one n^eu^ each end. It is fixed 
on the upper end of the shank, transversely with the flukes or palms ; 
and the nuts are let into the middte, of the stbck. The length of the 
stock is the length of the shaio^ a^d half the dian^r of the ring ; 
the depth and thickness in the middle are as many inches as the stock 
is feet in length. The ends tte to be kept sq^are, kslf the depth or 
thickness in the middle. ^ The upper side, next the ring, is always 
kept straight; as is the lower side half the depth on e^ch side of the 
middle ; and thence it tapers to each end ia the abpve proportion. 
It is necessary to leave an opening in the middle of one and one half 
inch between the two pieces, that the hoops may be drivai nearer thp 
middle, in case the stock should shrink. 

Proof is made of anchors, by raising them to a great height and 
then letting them fall again on a kind of icon block, placed across for 
the purpose. To try whether the flukes will turn to the bottom an4 
take hold of the ground, they place the anchor on an even surface, 
with the end of one of the flukes, and one of the ends of the stock 
resting on the surface ; in case the anchor turns, and the point of the 
fluke rises upwards, the anchpr is good. 

For the proportions of ancihors, according to Manwaring, the sh^^il^ 
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is to be thrice the length of one of the flukes, and half ^ l^igth of 
the beam. According to Aubin, the length of the anchor is to be 
four-tenths of the greatest breadth pf the ship ; so that the shanfc, 
e. g. of an anchor in a vessel thirty feet wide, is to be twehe^t 
long* When the shank is, for instance, eight feet long, the two an«s 
are to be seven feet long, measuring them according to their curvature. 
As to the degree of curvture given the arms, there is no rule for it; tjhe 
workmen are here left to their own discretion. 

Aubin, in liis Marine Dictionary, gives a table from a Fl^Bifh 
writer, wherein the lengths of the shanks of anchors for vessels of all 
widths, is computed, as well as the weights of the anchors, from a ves- 
sel eight feet wide within, which requires an anchor three and one-hi^f 
feet long, weighing thirty- three pounds, to a vessel forty-five fse% wide, 
which demspids an anchor eighteen feet long, and weighing 5832 
pol^lds. H^ likewise observes, that the anchor of a large heavy vesael 
is smaller, in proportion, than that of a lesser and Ighte^ one. T^e 
reason h^ giy^ris) l^at thou^ the sea employs an equal &rce agamst 
a small vessel fus against a great one, supposing the extent of wopd 
upon which the watar acts to be equal in both, yet the little vessel, by 
reason o^f its superior lightness, does not make so much resist^ce as 
the greater ; t&e defeat whereof must be supplied by the weight of the 
anchor. 

The making of anchors i& a most laborious employ, and has been 
much facilitated by the invention of two machines, called, the Hercules 
and the Monkey, The Hercules is used for setting straight the shank, 
welding, the palms to the arms, and the arms to the shank, of large 
anchors. It consists of a weight of alyut 400 lbs. faced with steel, and 
a long iron shvik. It is suspended perpendicularly over the work by 
a rope encirclmg a small iron wheel fixed in a menrtise cut in the beam. 

It performs its (Juty by being drawn up about seven feet high, by 
men at the tails of the rope ; and, increasing in weight by the velocity 
of its fall, it is found to produce more effect t^an the most powerful 
exertions widLthe hammer and strength of man. That the weight may 
fall on the f pot required, a kmg iron rod, widi a hook, is occasionally 
fixed to the shank above the weight, for the workman to direct the 
stroke. 

The Monkey is a machine for setting the arms, &c. It consists of a 
weight of about 200 lbs., sometimes faced with steel, and a long iron 
shank suspended by an iron chain to a crane, hanging horizontally 
against the side of the work, and it is used by being drawn' back and 
thrust forward by the workmen. 

k2 



132 



SHIP BUILDING. 



Anchor. 



I 


• 

^ — 1^ 


• 


»- ^ 4k^ 


^ 


• 

»- — C;* 


• 




CO 
•^ 00 t-' 

o o o 


1 


O) to CO 
ooo 


s 

•e 

s 

• 


cio/. qr, 

81 
21 
10 2 


• 8 


* 


o> lO 00 
O O 00 


r 

• 


4^ 

»- CO 
CO 00 <I 

o o ^ 


• 


to 1^ 

^ CO ►- • 
C;» lo c;i 

51 ^ o * 


? 

r. 


( 




? i 

• 


• 


• 


WW 

»- ^ C7« 


• 


1 


to to 

CO <^ Ot cp 

19 hs o ^^ 


1 •* 


to o o 


e 

• 


--1 § 

CO 00 CO p. 

o o o "^ 

• 


? s 


t 

t 

1 


180 11 6 

155 

11 

5 


f 


CO 

^ 00 

OOO) to 

O O .P^ 


r 


£. 8, 

1003 15 
27 
13 10 


• 


1 

( 


m 


• 

• 


p^f» 

1-^ »-^ 1^ 


• 


• 


2! 

• 


\ 


IS 

CO ^ o 

to o o 


ri 


^ 1^ 
CA o o 

ooo 


? 8 


to to o "5 




\ 

\ 

1 


Oi O CO 

ooo 




to 

»- <l 

<l ca to 

ooo 


• 


^ to 00 • 

to a> H- 

.OOO • 


r 


< 

1 

I 


^ ^ CO 


• 


• 




• 

»- *-. rf»- 


• 


1 
1 


CO O) c;« 
ooo 


fl 


^ CO c8 

to o o 


8 

o 

• 


00 Oi <i S 
0*5 


• 


1 

1 


l|k> CO <l 

ooo 


f 


to 

O) CO o 
O O Oi 


s 

? 


O) 1^ 
^ to <l '^ 

to »(^ o 

ooo * 


• 


i 

r 

! 


CO CO 


• 




• 


WW 

• 


> 


\ 

I 


o|5 

o? o 




CO 
t(W 00 CO 

o^p 


09 
10 

r 

• 


<i C;t ^ p. 

to o o,*% 


r 




o o 


r 

• 


o>^ o 

O Oti^ 


• 


^ too • 

»-• to to 

OOK) • 


• 






r 



I 



I 

r 



SHIP BUILDING. 133 



Dry Rot. 



A few observations on that very important subject, the dry rot will 
not be out of place, as its ravages have done more towards the destruc- 
tion of our navy than all the efforts of hostile fleets. 

Whatever may be the immediate cause of the dry-rot, the principle 
of vegetation brought into activity has, at least, a considerable share 
in it The natural juices of the oak — call then^ sap, or distinguish 
them by their constituent parts, gallic acid, mucillage, tannin, and 
whatever else may enter there — are in a different state, and in dlfler- 
ent proportions, at different seasons of the year; being more abundant 
and in a state of greater fluidity in the spring and summer than in 
winter : hence the idea of the sap rising, in the spring, being station- 
ary in the summer, and falling in the winter ; but the question is, 
felling whither, and rising from whence ? The sounder opinion is, 
that the genial warmth of the spring dissolves and puts into motion 
the juices of the tree already residmg in the trunk and branches (as 
is evident from the pushing of leaves, in the spring, out of the trunk 
of a tree which had been felled the preceding winter); — that it sends 
them to the extremities to form new leaves, flowers, and fruits ; s^d 
thatf having performed these offices^ the residue becomes dense and 
gross, is formed into, a layer of new wood, or alburnum, which, in its 
turn, together with its elder, brethren, or former layers, elaborate, 
during the apparent quiescent state of the tree, a new supply of sap 
or juices for the succeeding year ; while the vessels of the older layers 
near the centre are closing and collapsing, tilt the wood there becomes 
one solid mass, and is known as the heart of the tree. 

It IS either in ^he sap vessels of the alburnum, or in the surfoce of 
the treCj immediately beneath the bark, that the appearance of the 
ory-rot first discovers itself in recticulated filaments ; sometimes be- 
tween the concentric layers of the alburnum, at other times spreading 
over the surface. If suffered to proceed, the insterstices of these fila- 
ments are soon filled up, and a complete leather«like fungus (xylos* 
troma giganteum) is formed, being that particular genus of this 
parasitic family which chiefly infests the- oak, though another genus 
(boletus) is not uncommon in ships : that which mostly infcfl^ts the 
lower parts of houses is the boletus lackrymans^ which is peculiar to 
fir. The production of. the gigantic fungus can only take place after 
the tree has been cut down ; for although fungi of different kinds are 
frequently found growing in decayed parts of trees, yet a sound part 
is never affected with the 4east symptom of dry-rot, so long as the 
vital principle of the juices keeps them in a state of activity. It 
woul^ seem, indeed, that the process of fermentation is almost aec«ftr 
sary for the growth of many of the f\m^ \ ^^ * tcwci^x^sksw^ ^^^wsrti^ 
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for iDsUoifee, is Weil ktiowti to gardenen to be easily g<enerated ftom 
^ seeds eaten by 4 bone ; and the fdtnie plant as easily devoloped 
by some process of fBrmentation whidi it undergoes in the dang. 
Thus also wood^ in idL state of decomposition^ is found to be favourable 
for the repfoduction of fungus from seeds ; but while the former is 
furnishing food for tibe support of the latter, this parasite is, in its 
turn, exhausting what remains of the gaseous and soluble produ^s of 
the base upon whidi it was fastened. 

But though the appearance of fungus is generally an acoompani- 
fldent of dry-rot, its presence is not essentially necessary to constitiite 
that disease. The wood will not rot without the plant ; but the seeds 
of these parasites are so minute and multitudinous, and are suj^posed 
to be 'so widely floating about invisibly in the air as to lodge upon 
every tree and plant above the surface of the soil : fortunately, how* 
ever, they seem to require the aid of putrefactive fermentation to ena- 
ble them to germinate ; were it otherwise, and but a ten-^miUionth 
part of them grew, our earth would be a world of mushrooms ; instead 
of which, they either perish or lie dormant, apparently for centuries 
without vegetating. This, however, is nothing store than ha[^ns to 
crops of white dover, which spring up on the application of lime to 
dry heaths and barren soils ; or of raspberry bushes, which start up 
where fir woods have been burnt down, though not a vestige of dther 
liad appeared there before. We should say, generally, that where 
fungi make their appearance on the surfece of timber, the dry-rot is 
commencing externally, and would in time destroy ihe mass 6n which 
Ihe parasite had fixed its roots ; but it may also consume internally 
without any indication of fungi, where the putrefactive process of the 
juices has taken place, in consequence of a heated, stagnant, and 
moist atmosphere. We find this perpetually occurring in the under* 
ground floors and apartments of houses, especially where fires are 
k^t, and which thus become so many artificial hot-houses. 

Oii the same principle may be explained the different durability of 
merchant ships, according to the nature of the trade in which they 
hftve been employed. Thus a new ship, built of green timber, and 
sent to Petersburgh for a cargo of hemp, will become completely rot- 
teni in a couple of voyages ; while the same ship, if employed in car- 
rying coal or lime ivould probably last half a century. 

Without entering into any lengthened discussion, as to the origin 
of the dry-tot, we may proceed to examine the remedy which most 
obviously presents itself. It is simply that of getting rid of the native 
juices of the timber by whatever mode appears the most effective-r- 
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whether by impregnation with foreign substances, natural or artificial 
desiccation, or immersion in sand, mud, or water. 

Common sea sidt, a sdlutidh of corfdshre ^tifolhniite, of sulphate of 
iron, or copperas, of alum, or, in short, saline substances of any kind, 
seem to be efficacious in preventing the-putreiactive process in the 
juices of timber. The different resins and oils appear to answer the 
same purpose, ^hips employed in tiie whale fishery are not liable to 
rot where the oil has penetrated the planks. The Dutch, from observ- 
ing that their herring brushes were not subject to rot, adopted the 
practice of salting the timber and planks of their larger vessels, as did 
the Americans, from a similar observiation "^th regiatrd to the vessels 
employed in carrying out salt for their fisheries. 

But as all impregnations of timb^ are either expensive ot inconve* 
niently performed, the most effective, simple, and at the same time, 
perhaps, the least injurious to the timber, is desiccation, either by a 
gentle heat, or in the natural way : the latter is unquestionably pre« 
ferable, and if l^t exposed to a free circulation of air, in a dry atmos- 
{>here, and preserved from moisture, the largest piece of oak, in the 
ciourse of three years, i^ill have sufficiently parted with its juices to 
ft^ure it from decomposition, and consequently from the dry-rot. 

Immersion in sand, mud, or water, will preserve timber for centu- 
ries : exclui^on from air and moisture appears to have the same effect. 
Instances haVe been found of the former in the piles of London bridge, 
which have existed iSOO years ; in thddi^ of the old Savoy, about the 
same length of time ; in the wood of peat mossed, &c. ; and of the 
latter, in the wooden figures found in ^e catacombs of Egypt, the 
mummy cases, and in the beautiful chestnut roof of Westminster hall. 

The means of prevention, therefore, are sufficiency obvious : there 
can be no cure if the disease has proceeded so far as to decompose 
tiie wood and destroy the fibres. The measures adopted in the dock- 
yards, are long seasoning under sheds, the separation of the logs from 
each other by wedges, so as to admit a thorough circulation of air ; 
or, immersion in salt-water, which has been found to answer the pur- 
pose beyond all expectation. 

By a strict adherence to these precautions, which we have enumerated, 
and by the unremitting care which is subsequently taken o^fihips when 
in ordinary, by the officers of the dockyard, we may vent«itp(|i^ (;epeat 
the Comptroller's assertion, that at no period of our history lmd*JEng- 
land a navy, either for nu^ibers or efficiency, at all equal to that which 
iffe now possess, and that the dry rot was never less destructive than 
at the present period. 
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Apron, pieces of timber .4ityed to die after part of the stern, from the 
head down to the dead woop, the scarfs- being generally about one foot 
long, moulded nearly the same scantling as the knight-heads ; above 
the upper deck it might be moulded sufficient for the planks on each 
side to butt against. When the rabbet of the stem is at the aflt part, 
the apron is frequently sided more than. the stem, in order to! receive 
the fastening of thelfore^hoods ; but as the fastenings must.be all drove 
nearly in one direction, it is liable to split. the apron, and therefore it is 
much stronger when the rabbet of the st^ is in the middle, because 
then the apron is sid^ the same as the stem, and the knight-heads are 
fayed close to the stem, and apron (except an opening for air is left) 
and bolted through the stem and apron, then the butt-end belts are 
drove into the knight-heads, which are broad enough to admit of their 
being cross-bored, and tl^us secures the butts of the fore«hoods much 
better than when they are fastened to the apron. The apron is intended 
to strengthen the stem, and therefore should butt clear of the scarfs of 
the stem and stemson. 

Beams, pieces of timber placed across the ship on the clamps, and 
fayed to the timbers, except the platform-beams, and some of the after- 
beams of the lower deck ; which, if they were to run close to the 
timbers would either require the clamps to sny very much, or else to 
be cut off, which would not be so strong, as to let the aft part of the 
clamps have an easy flight, and to let some of the after-beams and 
knees be fayed to the planks, as is the customary practice. The beams 
of the gun-decks are generally disposed to be under the ports, if pos- 
sible, the better to support the gun. The ends of those beams that will 
admit of it are less broader at the ends, and from thence to the ends of 
the knees made straight, at which place the beam has its proper scant- 
ling. This is done to make the lodging-knee more without square, 
and therefore must be disposed at the same side of the beam. If the 
beams are in one piece, every other may be disposed with the butt-end 
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the same way, because the butts will decay before the tops. — Those 
beams that are made in two or three pieces are allowed to be as strong 
as those in one piece. When the beams are in two pieces, the scarf 
may be one-third of the length; if the beams are not very long, twelve 
feet is allowed sufficient for the scarf of any beam, and if the beams 
are in three pieces, the middle piece may be half the length of the 
beam. The leng^ of the tablings may be about one-half more than 
the depth of the beam. — ^The most customary way of putting beams 
together, is to divide the tablings in the middle of the beam, and that 
part which is taken out at the upper side to be left at the lower side ; 
when done in this manner (especially when kersey or flannel is put in. 
the scarfs) the water is liable to lay in the scarfs, and must be the 
means of rotting the beams ; therefore, to prevent tb^t, if the beams 
were tabled together in dove-tails, and taken through from side to side 
putting tar only between them, which hardens the wood, the water oc- 
casioned by the leaking of the decks would have ^ free passage, and 
the beam would dry again. 

Binding- strakesy are generally, two strakes wrought near the com- 
ings ; they are worked all fore and aft, about one inch or one inch and 
a half thicker than the rest of the deck, and let down between the 
beams and ledges, so that the upper side is even with the rest of the 
deck. The original design of them was to connect the deck so well 
together, as to prevent its drawing. The ship's decks have such a 
connection, that they seldom fail, but at the extremes, which cannot be 
secured too well. The butts in the middle of the decks may sometimes 
be perceived to strain, but that is occasioned by the ship's taking the 
ground, or straining by accident, which cannot be prevented by the 
binding-strakes, as performed in the common course of working, and 
therefore it consumes thicker stuff than is required. Those strakes in 
which the stopper-bolts are drove, might be English plank^ and let 
down between the beams and ledges, if thought necessary. 

BittSy large pieces of straight timber to which the cables are fastened, 
likewise smsJler pieces fixed near the masts, either on the upper-deck, 
quarter-deck, forecastle, or round-house, fitted with cross-pieces and 
shivers, for the conveniency of the topmasts and rigging. 

Blocks, solid pieces of timber placed under the keel of the ship ; the 
upper pieces are generally clear of knots, especially several of the fore- 
most ones ; these being the spitting blocks for launching the ship 
should be as clear as possible. Likewise pieces fitted with shivers,, 
both within and without side the ship, for the use of the rigging. 
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Bobstaif'holesy those in the fore part of the knee of the head, for the 
titearity of the bobstay. 

Bating; the projection left on the hawse-pieces, in the wake of the 
hawse-holes, when the planks do not ran through ; but this is nearly 
laid aside in all ships, and the plank is worked through to the stem, 
both within and without side, which is a very great improvement ; be- 
CKose timber, younger and smaller, will answer the same purpose, and 
be more durable; and by woricing the planks through, the bow is much 
stronger. 

Breast kooksy pieces of compass, or knee-timber, placed within side 
ihe ship, to kee^ the bows together. The deck-hooks are fayed to the 
timber, and pkced in ttie direction of the decks. The rest are placed, 
one between each deck, and as many in the hold as are thought need- 
ful ; all of which should be placed square with the body of tihe ship, 
and fayed on the jplanks. Breast-hooks are the chief security to keep 
the ship's boWs together, therefore require to be very strong and well 
secured. 

Biityeway^ a large piece, or pieces bolted together makmgoiie solid 
piece, Which is placed under the bulge of the ship to support her whto 
Idiunching. Tlie supp6^ for the bulgeways to be on, is caDed ways, 
^Ich soihetimed aire placed straight, and sometimes camber ; but it 
they do camber, it should be truly circular ; thopgh sometimes the 
curve is quicker at the lower part, but this is liable to strain the sh^ 
tH the ship. Their extreme distance is generally about on^third the 
bli^dth of the ship, but tht^ mnst depend on the form of the midship- 
betid. 

Butk-neads, the ^rtittons in k ship. Those which inclose the ina- 
^2ine are oak plank and ^bbetted, as are those of the spirituous liqubr- 
rcknh ; others in the hold ^re generally oak plank, the edges are 
cyphWed, to keep Ihi^ gravel, or dirt of the ballast in the hol^, frtSiri 
getting into the store-rooms, or into the well to damage the pumps. 

B^t^kins, pieces fitted above the main-rail head, which extend 
nfeiiljr as far fbrwfeird as the fore paLtt of the ktiee of the head, and are 
fo'r the use of hawKtlg down the fore-tack. 

Cat-heady a \kr^ square piece of timber fixed at the fore part of the 
fotecastle for the use of the anchor, 

Chdm-boltSy those boltis which are drove through the upper end 6f 
the preVfenter-plates, and thfe toe-link of the chains. 

Ckhnneky brotid planks fastened to the ship's side, to keep the 
shrouds at ft proper distahlce from the side. Soiiie channels are secured 
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with kh&es at the luppet side, by ^^fisch they ijone liable to harbour wet 
tind din, if^ich rot^ the chaainel and the iisxp*^ side ; oth^ta are 
secured by the preveuter-plates going threiigh the channel, belayed at 
the under side, and the heel bolted to the ^p'$ side. 

Channet-wdles, tfre lJM>8e strafcefi in the top mdes of large ships that 
are worked between the gun-deck and upper-deck ports, being thicker 
than the rest of the top side. 

Clamps, the strake which the beams are placed upon. The upper 
and gun-deck clamps are generally scarfed with a hook in the middle 
of the scarf. The clamps lower down aire hot of so much consequence, 
being less liable to draw. In l^ga lihips there are two strakes of 
clamps hooked one into the other. 

Companion, the birliiing round the ladder-way on the quarter decki 
which leads to the cabin, chiefly in small ships, to preyent the sea from 
beating down. 

bagger, a piece of timber that crosses all the poppets oif the bulge- 
ways to keep them together ; the plank that securiBs the heads of the 
poppets, is called the dagger-plank. 

bagger A^es, are lodging-knees, whose side arms cast down, and 
bolt through the clamp, these are placed at the lower decks of some 
sliips, inst^ of hanging knees, to preserve as much stowage in the 
hold as possible. 

bead'-eyes, fixed in the channels, within three holds to receive the 
Ian yard of the shrouds. 

Deadlights, shutters provided for the stem and gallery lights, to be 
fixed without side the ship in bad weather. 

I)eac['Wood, pieces of timber fayed on the keel to seat the floor- 
timbers on, afore and abaft the floors,, it is continued as high as the 
cutting down of the floors. 

becks in a ship are similar to floors in a house. The gun-deck of 
large ships is wholly laid with oak plank, nailed to the beams and tree, 
nailed^ to the ledges ; those decks that are laid with deal, if intended 
to have standards to the side, are laid with oak so far from the side as 
that all the bolts in the standard shall be in the oak. 

bowsing -chocks, pieces fayed across the apron, and lapped on the 
knight-heads, or inside stuff above the upper deck. 

braught, the drawing or design by which the ship is to be built,, 
which is generally by a scale of one-fourth of an inch to a foot. 

Pace-piece, a piece wrought on the fOre part of the knee of the head, 
to assist the conversion of the main piece, arid to shorten the upper 
bolts of the knee of the head. 
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false keel, pieces fitted under the main keel to preserve it from be;ing 
rubbed, and to .make the ship. hold a better wind ; they are generalij 
elm. In such ships sis are not intended to be frequently in harbours 
where they ground, the false keel is slenderly secured, that, if bj acci- 
dent, the ship should take the ground, it may, by coming off, be an as- 
sistant in saving her. 

Fashion-pieces y the timbers that are fastened to the ends of the. 

transoms. 

Floors, the timbers which are placed across the ship, and fayed on 

the dead-wood. The floor-timbers are generally extended as far as Uie 
fore mast, though it should require some cant floors, if the square body 
does not reach so far. Abaft, the floor-timbers are seldom placed 
farther than where the after square frame is usually stationed ; but in 
this part of the ship, being often difficult to procure, the floors are 
made in three pieces, and called made-floors, which occasions a great 
consumption of timber to little purpose ; for the floor being designed 
to go in its usual place, it is made in two pieces, which butt at the 
middle line, or at some little distance from it, so as the bolt shall go 
through one-half of the floor, if thought proper ; then a large chock is 
placed across them, and bolted to the two halves of the floor ; the 
upper side of the chock must be kept as high as the cutting down, so 
that from the upper part of the choclc to the head of the floor-timber^ 
there is very little shift of timber to bolt the frame, because the lower 
futtock must be shortened to step on the chock ; therefore it would be 
stronger to have a floor of natural growth, which might be procured ; 
if one arm of the floor was no longer than the distance from the chock 
to the flo6r, as before mentioned, because the lower futtock would then 
extend to the dead-wood, and might be bolted through it If a made 
floor is approved of in preference to that of natural growth with one 
short arm (either of which is immaterial in this part of the ship,) it 
would be best to secure the floor-ribband as far as the aft part of the 
square body, then put in the lowei* futtocks which might be bolted, to' 
the dead-wood, and place the chock at the aft side of the lower futtocks, 
and bolt it to them ; this would require the second futtocks to be 
something longer at the heels, to step on the chock, which in this part 
of the ship are not very difficult to procure. This method would in- 
crease the shift of timber, be much stronger, and rather in fav6ur of the 
conversion of timber ; because, the halves of the floor must be cut 

# 

from the butts of the tree, to gain substance at the lower end ; and, 
therefore, might be converted to a lower futtock ; the regular bolting 
of the floor might also be preserved as the chock would be in the place 
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of the floor. This might be of sufficient strength in this part of the 
ship, if made more general, when floors of a proper growth could not be 
obtained. 

Forecastle, a short deck at the fore part of the ship above the upper 
deck, on which formerly castles ^ere erected, or places to shelter the 
men in time of action. 

Frames, the bends of timbers that are bolted together. In small 
ships there are two bolts in every shift of timber, and three in large 
ships. The bolts should be disposed clear of the chain, and preventer- 
bolts, scupper, lodeing-knee bolts, and port cells. 

Futtock^ every single timber is called a futtock, and distinguished by 
lower or first, second, third, &c. except the floors, long and half-timbers^ 
top-timbers, stem-timbers, &c. 

Oarboard'Strake, the strake in the bottom that is wrought into the 
rabbet of the keel. 

Gunwale, the plank that covers the heads pf the timbers between 
the fore and main drifts. 

Hatches, the covering for the hatchways, made with ledges, an& laid 
with oak or deal and calked. 

Hatchways, places in the middle of the decks for the conveniency 
of lowering down goods. 

Hawse-pieces, the timbers in the bow of the ship, whose sides are 
nearly parallel to the middle line of the ship. 

Hold, the inside of the ship below the lower deck. 

Keel, the pieces of timber laid on the blocks, and on which the 
ship is built ; it is generally elm, except the after-piece, which, on 
account of its bemg often wet and dry, is sometimes oak, especially 
when the ship b expected to be a great while^in building. The number 
of pieces in the keel is not very material, so that it gives good shift to 
the keelson and the main mast The keel is scarfed with a hook in the 
middle, which should fay very close, it being designed on purpose to 
bear the strain of calking the butts, that the bolt in the sctof may not 
be strained. The keel should not be tapered much, either forward or 
aft at the upper part, and from thence it is to be bearded away at the 
lower edge ; for when the dead-wood is trimmed, especially abaft, being 
frequently very thin, it is with much difficulty that the dead-wood can 

be securely bolted. 

Keelson, pieces nearly the same scantling as the keel, wrought on 
the upper side of the floors, and bolted through the floors and keel. 
The scarfs are, if possible, disposed clear of the main and fore mast, 
and likewise the main hatch, as the scarf may be injured by accident 
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in lowering goods and heavy matters. As every other floor-timber is 
bolted through the keelj and the odiecs through the keelson and keel 
together, it requires that the middle of the scarfs of the keelson be dw- 
posed over a flooT'timber, that is designed to be bolted through the 
keelson. ^ 

Knees, crooked pieces of timber that secure the beams and the ship* 
side together : forward and abaft, where wooden knees cannot be pro- 
cured of a good growth, they are made of iron ; but sddom recom- 
mended in that part of the ship where strength is principally required, 
because the bolts cannot be drove tight in the iron knees, and, there^ 
fbre, if the ship strains they will work. The lodging-knees are gene- 
rally disposed on thiit side of the beam, which makes than the most 
without a square ; and the hanging-knees placed clear of .the ports; 
and of standards on the deck below. The hanging-kneat are likewise 
placed on that side of the beam, where riders occasionaMy may be in- 
troduced in their stead. The lodging-knees are hooked in- the beam, 
in general near the toe of the knee where the wood is short-grained ; 
therefore it is better to leave a tenon in the crowoi part of the knee, at 
a proper distance from the end of the beam, which will be stroDg enough 
to bear an iron wedge drove in that side that is nearest to the ahipV 
side, after the knees are properly bolted. 

Larboard, when looking forward ftomthe stem of the ship, it is that 
side of the ship towards the left-hand, or the opposite side to thai \mkr 
ally drawn on the draught. 

Limber-boards, short pieces^of flank fitted from thelimber-atiake to 
die keelson, which pieces should butt at the sides c^ aU the buflcv 
heads, that they may be easily taken up. 

Mam-breadtk, the broadest part of the ship at any particular fraimik 

Midship-bend, the broadest frame in the ship, called dead-flat. 

Munions, the pieces that paurt the lights in the stem and qnaortef^ 
gallery. 

Orlop, the lower, but temporary deck m large ships ; smaU dbips 
have a kind of platform in midships, chiefly for the use of the cabke, 
which is likewise called the orlop. 

Partners, are thick pieces fitted into a rabbet in tiie mast catlings, 
to receive the wedges of the mast ; likewise temporary pieces nailed on 
the deck round the pumps. 

Pump^ales, pipes to convey the water from the pump-cisterns 
through the ship's sides. 

Quarter-deck, the short deck abaft, whereon the offioem usuaUy 
walk. ' 



